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INTRODUCTION 
Severe income problems within agriculture in the 1930*s 
led to the passage of the Agricultural Adjustment Act (1933) 
and the establishment of the Commodity Credit Corporation. 
The basic price-support and production control systems enabled 
under this Act were operative throughout the period 1933 to 
i960. The United States experience with price-support pro­
grams implemented by storage operations indicates that they 
are costly, inefficient and only temporarily and partially 
effective. Abundant agricultural production has turned out to 
be expensive to the government and disappointing to farm 
people from an income standpoint. The early i960's witnessed 
a diagnostic reappraisal of the agricultural policies then in 
effect. Not surprisingly two schools of thought developed, 
each devising programs to deal with the existing surplus 
capacity in agriculture. The Committee for Economic Develop­
ment proposed an adaptative program for agriculture emphasiz­
ing a realignment of supply and demand through a gradual 
adjustment of price support prices and government assisted 
withdrawal of human resources from agriculture. The Kennedy 
administration envisaged a realignment of supply and demand 
through, compulsory restriction of production through nego­
tiable marketing quotas. Either program has a short run, as 
well as long run, impact on agricultural production, prices 
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and Incomes. It is the function of the economist to assist 
the policy maker in choosing programs consistent with the 
goals of income and price policy. A comprehensive system of 
demand and supply equations in both factor and product markets 
would enable us to study the interdependence in the objectives 
of agricultural economic policy and the agricultural programs 
which were formulated to reach stated objectives. The impact 
of such programs is disproportionate between regions because 
of the regional specialization in production of crops and 
livestock. The policy models used in the systematic analysis 
of agricultural economic policy should therefore permit re­
gional disaggregation whenever possible. The amount of empir­
ical research assessing the impact of various policy alterna­
tives has been extremely limited, particularly in view of the 
large amount of public expenditure involved in such programs. 
There is therefore a great need for a comprehensive quantita­
tive approach towards agricultural economic policy. 
In Chapter II of this study we develop a comprehensive 
theoretical model of the feed grain livestock economy in terms 
of the short run interdependence of endogenous and exogenous 
variables with a number of government programs in effect. We 
demonstrate how all these relationships are fundamentally re­
lated to the production possibility set and the demand func­
tions for agricultural production. 
In Chapter III we discuss the statistical considerations 
in estimating supply response in agriculture, with particular 
emphasis on the identification problems, the time shape of 
economic reactions, and the statistical implications of speci­
fication errors. We also develop a sufficient criterion for 
regional disaggregation. Regional disaggregation of economic 
relationships proceeds from the following reasons: 1) there 
is an interest in the estimates obtained for the regions per 
se, 2) forecasts for a national model, when made from disaggre­
gated relationships, may prove to be superior to nationally 
aggregated relationships. In this study we disaggregated the 
United States " into six major regions: 1.) the North Atlantic 
States, 2) the East North Central States, 3) the West North 
Central States, 4) the South Atlantic States, 5) the South 
Central States, 6) the Western States. In a further level of 
disaggregation we divided the North Central States into three 
subgroups. The states included in each of these groups are 
presented in Appendix A. 
Supply response relationships were developed for the fol­
lowing categories; 1) cattle production and sales, 2) dairy 
production, 3) hog production, 4) egg production, 5) broiler 
production, 6) turkey production. All categories but poultry 
products were estimated for the United States, six major 
regions and the three subgroups of the North Central States. 
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The supply relationships were estimated through the ordi­
nary least squares method. The data included in the analysis 
generally cover the period 1931 to I960, but in some instances 
the analysis was restricted to the period 1946 to I96O because 
of structural changes between the prewar and postwar period. 
The data used were in terms of actual observations. The esti­
mated relationships are primarily useful for short run predic­
tion. A summary of selected supply relationships to be used 
for short run forecasting purposes and policy models, by 
regions, is presented in Table 73* 
I 
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ALTEBNATIVE APPROACHES TO AGRICULTUfiAL ECONOMIC POLICY 
1 
General Considerations 
The purpose of this chapter is to develop a conceptual 
and theoretical framework accounting for the. interaction be­
tween the ends and the means of economic policy as they apply 
specifically to agriculture. 
Agricultural economic policies could be conveniently, 
though not rigorously, classified as either of a quantitative 
1 
or qualitative nature. Among the latter we find anti-trust 
legislation, tax-exemption clauses, tariffs against agricul­
tural imports and government participation in under-writing 
agricultural credit. Agricultural acts of historical impor­
tance, such as the Morrel Act (i860), the Hatch Act (I887), 
and the Smith-Lever Act (1914) are examples of qualitative 
economic policy. These acts were designed to stimulate the 
growth and efficiency of U.S. agriculture. No immediate 
quantifiable relationships exist between these acts and their 
economic impact, yet few economists doubt that these acts 
accomplished their purpose. It is in the nature of qualita­
tive economic policy to bring about an Irrevocable change in 
the structure of agricultural production. Conservation pol­
icies might be considered to be mostly qualitative in nature. 
This is true to a lesser extent for price support legislation. 
The passage of the Agricultural Adjustment Act (1933) and the 
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ensuing debate about "parity price", had immediate discernible 
effects upon farm income. Similarly the Soil Bank Act (I956) 
and the proposed Omnibus Bill (196I) were inspired by the 
belief that flexible input control results in a predictable 
effect upon farm production and income. 
For our purposes we shall consider a policy to be quanti­
tative if it can be meaningfully entered into a system of 
relations, describing, in an approximate way, the adaptation 
I 
process of an economy. We construct an economic model and 
assume that the policy maker has a range of discretion in the 
use of his policy instruments^ Any mathematical model is 
necessarily an abstraction and oversimplification of a more 
complex problem. Such models can be of a short-run predictive 
type or concentrate on the long-run development of agricul-
I 
ture. The models developed in this study are of a short run 
nature, since most of the information which is taken as given, 
is in itself subject to economic evolution. 
Policy makers base their decisions, wittingly or unwit­
tingly, on preferences. To the extent that the policy maker's 
welfare-function coincides with that of society we can speak 
of the existence of a social welfare function. From Arrow's 
"General Possibility Theorem" we know that social choice and 
non-violable individual values cannot lead to a social welfare 
function that satisfies the condition of non-imposition. We 
cannot therefore postulate a social welfare function that is 
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jointly optimal for all those that make economic choices. 
The concept of the social welfare function in economic policy 
is therefore only operational in nature to the extent that 
such potential inconsistencies can be ignored by the policy 
maker. 
For conceptual purposes it is convenient to recognize 
four classes of variables: a) target variables, b) non-
conditioned variables, c) instrumental variables, d) data 
variables. Target variables represent the objectives of eco­
nomic policy (e.g. net farm income in the livestock sector, 
government storage of grains with a price support program for 
grains). Targets are generally chosen so as to maximize the 
objective function. Such estimates may be point estimates, 
with or without a probability distribution, or they may be in 
the nature of a lower or upper bound on the achievement of 
economic policy (e.g. an increase of net farm income by at 
least 2 percent and/or a decrease of government held grain 
reserves by at least 4 percent). A concrete example of an 
objective function,XI , might be wherelO/ is maximized if the 
cost of price programs to the government (and taxpayer) is 
minimized. In the more general approach many targets and 
instruments would enter into the social welfare function. In 
such a situation we would maximize subject to the restric­
tions imposed upon us by the economic model. The fixed target 
approach (80, 81) assumes that the point of maximum welfare in 
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terms of targets of economic policy is known; we must corre­
spondingly choose the values of our policy variables such that 
this maximum comes about. The fixed target approach however 
is unduly restrictive. The approach with lower and upper 
bounds on the achievement of economic policy is more realis­
tic. The demands of the political situation can frequently be 
translated into minimum or maximum conditions (e.g. a minimum 
wage law, a parity price as a lower limit to prices received 
by farmers, the base acreage to be enrolled in an acreage con­
trol program etc.). The method has the advantage that if the 
number of policy instruments exceeds the number of targets, 
the formidable array of recently developed programming tech­
niques can be brought to bear upon the policy problem state­
ment. The advantage of computational feasibility is important 
since a moderate degree of realism entails a model with many 
equations and a large number of variables. The method with 
completely flexible targets and instruments is theorywise more 
appealing, but not easily implemented. Theil (77) developed 
in this connection the equivalent of the Slutszky equation for 
economic policy analogous to the fundamental equation in the 
theory of consumer's choice. Theorems in that area can be 
directly translated into theorems of economic policy. The 
complete flexibility approach utilizes the unmodified error 
structure of the equations in the model. This is extremely 
important since no known connection exists between the statis­
9 
tical properties of the reduced form and the structure of 
equations containing jointly dependent variables. 
We shall understand by "non-conditioned" variables those 
variables that are endogenous but do not explicitly enter into 
I 
the social welfare function (e.g. the demand functions for 
agricultural inputs). Undoubtedly the industries serving 
agriculture have a great interest in these, but we assume that 
at the policy formation level the interests of the fertilizer, 
and agricultural machinery industry are of no account. Sim­
ilarly in a well formulated model we obtain the consumer 
demand functions for agricultural commodities. In a situa­
tion of abundance of food, the additional disappearance of 
such commodities into consumer channels will be a target of 
1 ' 
low priority, conditioned by the a priori knowledge that it 
is virtually impossible to do so. In a country where food 
production does not meet nutritional standards it is to be 
expected that both the additional production of food and con­
sumption will be set as targets of economic policy. On the 
other hand in such circumstances much less attention might be 
paid to increasing net farm income, unless the achievement of 
the former objectives is conditioned on the growth of net farm 
income. This problem is of great importance in many areas of 
the world. Both Russia and China have in their economic pol­
icies minimized the role of net farm income, while simultane­
ously stressing the need for increased food production. The 
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incompatabllity of these policies may be a causal factor in 
the failure of adequate agricultural growth in either nation. 
From the foregoing it is apparent that the distinction between 
"target variables" and "non-conditioned variables" is not a 
sharp one, and may depend, among,other things, on the stage 
of economic development. 
We shall understand by instrumental variables those vari­
ables that are controlled by the policy maker and have a range 
of variation subject to the discretion of the policy maker. 
Prime examples of instrumental variables are the support 
prices for various commodities and acreage payments for land 
idled in production. Other examples are those where free 
inputs to agriculture are provided e.g. public investment in 
water resource development and educational institutions. The 
latter presumably change the production functions and thereby 
the structure of the model. However in a long-run policy 
model they ought to be included. For short-run purposes their 
effect can be conveniently and indiscriminately subsumed under 
"technological progress". However, a study of the long-run 
determinants of economic growth can not be so casual in aggre­
gation. 
To many economists and politicians any government inter­
ference with the free market system carries a cost. Concep­
tually such costs can be included in the social welfare func­
tion. Their operational translation is best achieved by 
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setting upper "bounds on government instruments. 
We shall understand by "data variables", those variables 
which are determined outside the system of equations (e.g. 
population growth, per capita income) or variables that are 
autonomous in the short run (e.g. technological progress, the 
prices paid for machinery and services generally) or variables 
that are taken to be predetermined (e.g. the labor force on 
the farm, the fixed investment in buildings and real estate). 
Predetermined in the sense used here signifies that the cur­
rent magnitude of these variables is not dependent upon the 
outcome of present policies. It is apparent that no pre­
determined variables exist in the long run since both capital 
formation and labor mobility continue to be main developments 
in the growth of U.S. agriculture. Data variables must be 
predicted for policy purposes. A priori judgments or statis­
tical estimation can serve to that end. In stochastic pro­
gramming we can meaningfully include the errors with which 
such estimates are assembled a priori. 
Mathematical models in agriculture 
A mathematical model aims at the specification of an 
economic structure. It specifies the interrelationships among 
the natural, technical and legal data and the behaviorial 
characteristics of those that make economic decisions. Among 
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the natural data we consider the available supply and produc­
tivity of land, the geographic climate, the size of the labor 
force in agriculture, the population and wealth of a nation. 
Among the technical data we consider the production functions, 
the efficiency and cost of the distribution system, the dis­
tribution of resources and incomes among farms. Among legal 
data we consider the constraints upon producers by law and 
the policy maker's range of policy instruments. Among the 
behaviorial characteristics we consider consumer demand func­
tions for agricultural commodities and farmers* demand and 
supply functions for inputs and outputs in agriculture. The 
foregoing classes each contribute to structural change in the 
economy. For many practical purposes they may be subsumed 
under the general variable "technological progress". The 
study of this phenomena and its solution is of profound impor­
tance for any theory of economic development. In this chapter 
we will restrict ourselves to short run models or so called 
stabilization models. 
In this connection the degree of aggregation is particu­
larly important. In an initial model we consider agriculture 
to produce one final product from a set of fixed resources and 
variable factors of production purchased from the non-agricul­
tural sector. In a second model we allow for competing mul­
tiple final products to be produced from a given set of fixed 
resources and variable factors of production. 
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The basic assumption underlying the construction of the 
models is that producers maximize profits on basis of current 
prices. No lagged adjustment is allowed for. The models are 
initially developed under the assumption that the government 
engages in a price support program. 
A Preliminary Model 
We define the existing production technology in terms of 
a Cobb-Douglas production function 
ai 3.2 ao 
1) X = agZi Zg Z. 
ag : index of technological 
progress 
(ai; a2; a?) : production 
elasticities 
: labor inputs (variable) 
Z2 : capital inputs (variable) 
Z3 : base-acreage (fixed) 
We define the gross value of agricialtural production 
2) Y = Px-X X : agricultural output 
Px : price of agricultural output 
Y : gross value of output 
We define the distribution of output 
3) X = Xj + 0 X^ : domestic private demand 
0 : government demand for agri­
cultural output 
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We define private demand for agricultural output 
4) = bo . Vi 
: total population 
Il : per capita income, excluding 
agricultural labor force 
bi : price elasticity 
bg : income elasticity 
¥e assume profit maximization in production and derive the 
following marginal efficiency conditions. 
5) c)x/^  = Pzi 
labor inputs 
I agricultural wage rate 
6) 
5z. 
= Pz 
22 
PZc 
capital inputs 
; price of capital inputs 
We define the per capita income of laborers in agriculture, 
and their families as 
7) = PZi ' Zl Vc 
V2 
per capita income of agri­
cultural population ex­
cluding landowners 
agricultural population 
excluding landowners 
Total gross value of production is distributed in terms of 
labor expenditure, capital expenditure, and rent payments. 
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Both labor and capital are variable inputs, and will be em­
ployed such that their marginal value product equals the price 
of the input. Rent payments are the residual, which remains 
after both capital and labor have been compensated. We define 
the wage bill of the agricultural labor force 
8) W = PZi • Z = Pz ' X 
W = wage bill in agriculture 
a2 = production elasticity of 
labor 
We define total operating expenditure 
9) C = PZg * 2^ = &2 ' % 
C = capital expenditure 
ag = production elasticity of 
capital 
We define rent payments 
10) R = Px • X - Pg^ • Zi - PZ2 * ^2 - (1 - ^1 - ^2^^x ^ 
E = rent payments 
Prom the marginal efficiency conditions 5) and 6) and the pro­
duction function 1), we can derive the supply function for out­
put and the demand functions for labor and capital. After 
some algebraic manipulation we obtain the supply function for 
agricultural output 
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Y 2^'^  a^  •'C^  -ay^  
11) X = aQ • a^ • &2 * ^3 * 
-a2V (a2+a2) - ^  
Z^2 * Px 
where V = = 
1 — a 2 — SL2 
We derive the demand function for labor 
^ ( l—ag )-V' a2' a^ -v^ 
12 ) 2^. ~ &Q ' * 2^ ' ^3 * * 
I 
(a2-l)^ -a2•V 
PZi ' PZ2 
We derive the demand function for capital 
 ^ s^ l'V (l-a^ )'^  ^ ao • V 
13) Z2 = aQ • a^ • a2 • • 
-a^ '^ T' (a^ -l)'^  ^
Pzi • fZg 
The derived demand and supply functions retain the properties 
of a Cobb-Douglas function. Fixed inputs enter as shifters, 
variable inputs and outputs are represented through their 
respective prices. The above equations complete the model. 
We recognize as endogenous variables 
X : total agricultural production 
X]_ : domestic private demand 
0 : government demand 
Y : gross value of the agricultural output 
1? 
W : labor expenditure 
X2 : per capita income of agricultural labor force 
C : capital expenditure 
R : rent payments 
: labor inputs used in production 
Z2 : capital inputs used in production 
This represents a total of 10 endogenous variables, all of 
which are represented in a set of 10 independent equations 
(2, 3> 7» 8, 9» 10, 11, 12, 13)• We consider as exogenous 
variables 
; total population, excluding agriculture 
V2 : total population in agriculture excluding landowners 
I2 : per capita income in non-agriculture 
: base-acreage of land in production 
Q.Q ; index of technological progress 
Pg. : price of the agricultural output as determined by 
the government 
j^ Zi • agricultural wage rate 
PZg : price of capital inputs in agriculture 
This represents a set of nine exogenous variables. The number 
of parameters that have to be known for numerical specifica­
tion of the model are restricted to the production function 1) 
and the domestic private demand 4). For analytical purposes, 
it is necessary to solve for the endogenous variables in terms 
of the exogenous variables. Since most of the equations enter 
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in non-linear form such a procedure would result in a cumber­
some notation. We therefore linearize such equations by means 
of a Taylor expansion of the first order. Suppose we have 
X - aQ Zi Zg 
ai a2 
L ^2
we then write the first order Taylor Expansion as 
X = Xn + a '-0 H • (Zl - Zio) + % yz2 0 " (22 - Z20) 
0 
where the subscript 0 indicates that the expansion is approxi­
mative only in the neighborhood of the point of evaluation. 
The above expression can be written as 
% - %0 _ 1^ " ^ 10 . 2^ - Z20 
XQ ^2.0 ^20 
In other words the proportionate change in X is a linear func­
tion of the proportionate changes in and Zg. More gen-
I 
erally we solve for the endogenous variables such that a pro­
portionate (or percentage) change in any endogenous variable 
is expressible as a linear function of proportionate changes 
in exogenous variables. Small Roman letters will indicate 
such proportionate changes e.g. r = ^ ^  . Applying this 
procedure and solving for the endogenous variables we obtain. 
Table lA. The coefficients appearing in this table are 
various linear combinations or products of the parameters 
appearing in the production function and demand function for 
agricultural output (i.e.; a-j_, ag, a^, b^, bg). A numerical 
Table lA. Structural dependence between endogenous and exogenous variables (in 
percentage changes), with price support program®^ 
Endogenous Sym-
Eq. variable bol 0^ i^ a.Q Zj P^ 
1 Total 
production X V a^*7 -a^- 7 -a.2'V (a]^+a2) ' 7 
2 Demand for 
labor 7 a^*7 (a^-l)'^ ~^2'^ 
3 Demand for 
capital Zg 7 a^'V -a^*7 (a2-l)'7 7 
4 Domestic 
private 
demand Xn 1 b2 bj. 
5 Government -0]/ b2'8i ^ ac .y ai*7 ^2*^ © ^ ^ *91 v
demand G /l-9l 1-0^ ÏT©^ l-e^ 1-02 1-0^ 1-02 
6 Rent 
payments r ^ a^'V -a^'V -ag'V (a^+a^XT^l 
7 Per capita 
income of -a-2* 7 
agricultural 
labor force i2 -1 V Q-j'V (a^-l^P+l  ^
r = E 2Q. etc.; 0 = ^  12 , O<0<^ 1; V = = . 
R Xo 1 - ai - a2 
20 
I 
example is therefore readily constructed, provided one specify 
the parameters of the production function and demand for agri­
cultural output. The estimation of these parameters is the 
core of the empirical applicability of the model. Statistical 
analysis of demand would yield estimates of price and income 
elasticities. Statistical analysis of farm records would 
yield estimates of the production function. 
Table lA yields information which is of interest to the 
policy maker. A 1 percent increase in the support price of 
agricultural products increases output by (a^ + ag) * V per­
cent. If the sum of the production elasticities a^ and ag is 
less than unity this expression will be positive. If in­
creasing returns to scale for labor and capital were the rule 
in agricultural production, then an increase in the support 
price for output, would actually decrease output. In what 
follows we shall assume that the sum of the production elas­
ticities of capital and labor is less than unity. An increase 
in the support price increases government storage by 
(a]^+a2) ^1^1 percent. Assume that the production elasticity 
1 — @2 
of labor (a^) equals .4. Assume that the production elas­
ticity of capital equals .4 and that the price elasticity of 
demand for agricultural output equals -.5* Suppose that pri­
vate demand initially accounts for 80 percent of output, i.e. 
9 = .8. A 1 percent increase in the support price (?%) then 
increases government storage by 22 percent, indicating how a 
21 
relatively small increase in price support levels may have a 
multiplicative effect on storage levels. Suppose that agri­
cultural development is accompanied by a substantial advance 
in the arts of production, reflected through àn increase in 
the index of technological progress (ag). Output is in­
creased in multiplicative fashion since V^l; and in fact 
all factors of production are expanded in constant ratios and 
by proportionate amounts. Government storage increases by 
Y.— percent, and since 0 < 0 <'1 government storage will in-
1 - ©X 
crease faster than output. The per capita income of the agri­
cultural labor force increases by V percent. The distribu­
tion of factor earnings between rents and wages remains con­
stant with a Cobb-Douglas function and hence the wage-bill and 
rent payments in agriculture increase in equal proportion. 
Suppose that through competitive employment alternatives in 
industry, the agricultural wage rate (Pzx) increases. The 
per capita income of the agricultural labor force changes by 
(ag-l)^ + 1 percent. Utilizing a production elasticity of 
.4 for labor and .4- for capital inputs we observe that a 1 per­
cent increase in agricultural wage rate decreases per capita 
I 
income in agriculture by 2 percent. The demand for labor 
declines by (a2-l) V" = 3 percent. With an elastic demand curve 
for labor an increase in the wage rate will lower the wage 
bill. The demand curve for labor is elastic because of cap­
ital substitutability. Due to a 1 percent increase in the 
22 
agricultural wage rate, the demand for capital decreases by 
a^ ^  = 2 percent. Rent payments decrease, because of a reduc­
tion in output. Again rent payments and per capita income in 
agriculture are equally affected. In summary then, we observe 
that with a price support program, forces that tend to increase 
rent payments equally affect the per capita income of the 
agricultural labor force. With a government support program 
the effects of technological progress and lower factor prices 
benefit agricultural producers and laborers in a multiplica­
tive fashion. If a government price support program is not 
associated with agricultural development the effects may be 
quite different. With open markets in agricultural products 
the consumer will become the main beneficiary of'agricultural 
progress. The agricultural producer may actually reap nega­
tive net benefits in this process. 
Table IB presents the structural dependence between endo­
genous and exogenous variables with open markets for agricul­
tural products. Table IB is derived from Table lA by means 
of the Simplex-Algorithm, such that government storage is the 
outgoing row, and the price of agricultural output becomes the 
incoming activity. The pivotal element is determined by the 
intersection of the storage row and the price column. If we 
had a model with intermediate, or multiple products, any one 
combination of supported and free markets can be constructed, 
by applying the appropriate number of Simplex iterations. 
Table IB. Structural dependence between endogenous and exogenous variables (in 
percentage changes) with open markets in agricultural production^ 
Endogenous , , 
Eq. variable Symbol 2 
^0 
1 Total p 
production X (ai+a2) • V'.©«D (a2+a2)'7'b2'9'D y-fa^+a^jT -D 
2 Demand for 
labor 7'«b2*ô*D 
3 Demand for 
capital Z2 ?''9 "D V*b2*0*D V-Ç^*D 
4 Domestic pri­
vate demand 1 + b]_'0«D b2+bi*b2'©*D -b^-V'D 
5 Open market 
price Px 0*D b2'9.D -\f'D 
6 Rent payments r |(a2+a2)\7 0+0j «D |(ai+a2)y+l|'b2'0'D V ~ -D 
7 Per capita 
income of 
agricultural 
labor force i2 V«9«D —1 V'b2*0*D V - V 'D 
&0 = 1 if government has no initial holdings; D = ; • ' i —; 
\&l+a2' " °1 
V = 
1 - ai - ag 
Table IB. (Continued) 
Eq. PZi Pz-
1 a3'7'-(ai+a2)a^ * 7 
2 a^^—a^'V^'D 
3 a^  7 —a^  ' ' D 
^ -b^-a^'V'D 
5 —a^ •^  • D 
6 a^  \7 -a^  « 7^ *D 
7 a^ 7 -a^ • y 2 'D 
-ai7+(ai+a2)ai' V^'D 
(ag-ljV+ai"V^.D 
—a^  V +a]_ • 2 • D 
a^ • bjL • «D 
a^'^/'D 
(ai+a2)V+l|ai'VvD 
-a^  + (a2+a2) 7+l| a^  ^• ^'D 
-a2V+(a-j^+a2)a2* V 
-a2 • V +Si2 ' 'B 
(a^-l)y +a2' V^'D 
a2•bi• V 'B 
3-2 * V 'I> 
-a27'+ [(a3^ +a2)7+l| a2*V*D 
-a2 •V+a2 • V^-D 
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starting with a program in which all products are price sup­
ported. The parameters which enter into the construction of 
this table are (a^ a.2 ^3 ^>1 ^>2) • ^ numerical example is 
therefore easily constructed. The small number of parameters 
necessary to arrive at conclusions concerning a host of re­
lated phenomena emphasizes the deductive possibilities inher­
ent in mathematical model building. A comparison of Tables 
lA and IB reveals that virtually all coefficients aire differ­
ent between tables. Since Table IB is of importance in 
attaining the ends-in-view of agricultural policy we will pay 
attention in detail to the effect of exogenous variables upon 
endogenous variables. In what follows we assume that the 
government has no initial holdings of agricultural output, 
i.e. 9 = 1. 
The effects of an Increase in population ( 
Assuming diminishing returns to scale t) will always be 
positive. A 1 percent Increase in population ( will in­
crease total production ( X) and consumption ( by 
(a^ + ag) V • D percent. Since both V and D are positive an 
increase in population will always call forth an increase in 
production. If the elasticity of demand b^ 0, then 
(ai + ag) 7^ D ^ 1, and production will expand proportionately 
less than population. Per capita consumption of the agricul­
tural good must decline. The price for agricultural output 
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(?%) Increases by D percent. The proportionate increase in 
price will exceed the proportionate increase in output if 
(a^ + B.2) VKl' Multiply this expression by the gross value 
of agricultural output • X and obtain 
a2 • Pj; • X + a2 Pg; • X "^ (l — a^  ~ ^ 2^  x^ ' ^ 
Under the assumption that competitive markets exist for both 
labor and capital, a^ • P^ • X will equal the wage bill (W) 
in agriculture, and • Px • X will represent total capital 
expenditure (C). It follows by definition that rental pay­
ments (H) equal (1 - aj - a2) P^ • X. Given an economy where 
the wage bill and capital expenditure are small relative to 
rent payments, then prices of agricultural products will rise 
faster than output. Such may be the case in a traditional 
agriculture if both the production elasticity of land and 
labor are small. 
An increase of 1 percent in population ( increases 
both rental payments and per capita Income of the agricultural 
labor force by V• D percent. Since a Cobb-Douglas function 
is characterized by constant relative shares in factor pay­
ments both (r) and (i^) increase in identical proportions. 
The absolute increases however may be quite different, par­
ticularly when rental payments are large relative to the wage 
bill. Under the assumed conditions (a^ + a2) V D <r ^ D, and 
rental payments increase faster than output. Both capital 
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and labor are expanded in proportionate amounts. With con­
stant relative prices this is a property peculiar to the Cobb-
Douglas function. 
The effects of an increase in per capita income (i^) 
An increase of 1 percent in per capita income (i^) in­
creases production and consumption by (a^ + ag) V• b2 • D 
percent. Empirical evidence indicates that the Income elas­
ticity 0<'b2<^l. For a small income elasticity above effect 
may be negligible. The price of agricultural output increases 
by b2 • D percent. If b2 • D/"l then (b2 + b^) ^  ^  in 
a traditional agriculture both b2 and b^ are relatively high, 
but their sum is small. Similarly the ratio W + C/R is small 
in a traditional agriculture. If the above inequality holds 
however then an increase in per capita income (i^) may 
actually increase the price of agricultural output by more 
than 1 percent. The per capita income of agricultural workers 
(ig,) increases by \7 - b2 " D percent. Since V^l it follows 
that per capita income in agriculture (12)- rises faster than 
the price of agricultural output. If it is given that price 
of agricultural output rises faster than industrial per capita 
income (i^), then it must follow that the rise of per capita 
income in agriculture (ig,) is a multiple of that in industry. 
The absolute increase in (12) may still be smaller than the 
increase in (i]_) depending on initial differences in rural and 
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industrial standards of living. It is important to realize 
that both increases in total population ( and per capita 
income (i^) have a considerable impact upon the welfare of the 
agricultural labor force as measured by (ig,). 
Effects of an increase in the 
index of technological progress 
An Increase of 1 percent in the index of technological • 
p 
progress increases output and consumption by T7 - (a^ + 
• D percent. This expression will be positive provided the 
elasticity of demand b^"^ 0, a condition which will be normally 
met. Output however, increases proportionately less than the 
index of technological progress. This contrasts very markedly 
with the effects of technological progress upon output with a 
price support program. The reason for the difference is that 
with an open market the price of agricultural output decreases 
by V ' D percent. The price of output will decrease faster 
than the rate of increase in the index of technology if 
VD/^1, or after some algebraic manipulations, if (W + C) -
b^ fi • X. Since W+C + R= P - X the above condition will 
be fulfilled if b^^-l. Since the price elasticity of demand 
bj is commonly less than unity the gross value of the agricul­
tural output will decline with increases in the arts of pro­
duction. The demand for labor and capital both increase by 
( V - D) percent. This will be positive, provided 
29 
I 
^D<1, or after some algebraic manipulation, if-(W + G) + 
bj R • X. For b^ <C-1 this condition will never hold. An 
increase in the arts of production, ceteris paribus, is input 
decreasing. For b^<^-l it also must follow that per capita 
income of agricultural workers and rental payments decrease by 
{ V ' D) percent. It is important to realize that with 
an inelastic demand, an increase in the arts of production may 
increase output and concurrently lower factor earnings and 
factor employment. 
Effects of an increase in the supply of land (zj) 
An increase of 1 percent in land increases production by 
V ~ (&% + &£) a^ D percent. Above expression will be 
greater, the larger the production elasticity (a^) of land, 
provided that the demand elasticity b%<C 0. Since we have 
diminishing returns to land inputs, output will increase pro­
portionately less than the expansion in land inputs. Price 
for agricultural output declines by aj V D percent. The 
demand for labor and capital both change by a^^ - a^ D 
percent. This change will be positive if VD<1, which will 
be impossible if b^^ -1. An increase in land inputs, ceteris 
paribus, tends to diminish factor employment and factor earn­
ings, including rental payments. Normally the decline in 
factor earnings will be proportionately less than the expan­
sion in land inputs. 
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Effects of an Increase In the 
agricultural wage rate (Pz^^) 
An increase of 1 percent in the agricultural wage rate 
will decrease production by a^ V + (a^ + a.2) slj^V ' D per­
cent provided The price of agricultural output in­
creases by ajL V D percent. The price of output will increase 
proportionately more than the wage rate if a^ V D 1 or equi-
valently if (W + C) - b^ E ^a^^ P • X. The coefficient a^ is 
the production elasticity of labor. If a^ is large relative 
to the absolute value of b^, above inequality will be likely 
fulfilled. Above explains in essence the "cost push" theory 
of price Increases. The demand for labor changes by 
(a2 - 1)S7 + a^ D percent, which will always be nega­
tive. The demand for capital inputs changes by (-a^V + 
a^ V D) percent. This change will be positive provided 
V D ^ 1, which will be true provided the elasticity of demand 
b^ <(0. Hence the strength of the substitution effect is such 
that with decreasing output the demand for capital inputs will 
still show a net increase. The per capita income of agricul­
tural workers will change by (a^ - 1)\7 + 1 + a^ V ^  D per­
cent. This expression compounds the effects of a decrease in 
the demand for labor and an increase in the wage rate. Since 
the demand for labor is inelastic, an increase in the wage 
rate will increase the agricultural wage bill. Precisely the 
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opposite conclusions however, are obtained in a price sup­
ported market. An increase in the wage rate affects both 
rental payments and per capita income of the labor force pro­
portionately. Both Increase but less than 1 percent if the 
wage rate were to be increased by 1 percent. 
! 
Effects of an increase in the price of capital inputs 
An increase of 1 percent decreases the demand for capital 
inputs by (a-|_ - 1)\7+ a2 D percent. With a^ = .4; 
ag = .2 and b^ = -.4, the percentage decrease is approximately 
•9 percent. The demand for labor increases by .02 percent. 
We observe that the substitution effects engendered respec­
tively through an increase in the wage rate and the prices of 
capital inputs, are very different. If the production elas­
ticity of labor is high relative to the production elasticity 
of capital, an increase in the wage rate will substantially 
decrease the demand for labor, but show a proportionately 
large substitution effect in favor of capital inputs. How­
ever, an increase in the price of capital inputs will very 
substantially reduce capital inputs, but show a proportionate­
ly small substitution effect in favor of labor. Since very 
little additional labor is employed, both rental payments and 
per capita income of agricultural workers will increase very 
much less than the proportionate increase in the price of 
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capital items. Conversely a decrease in the price of capital 
items does not substantially diminish agricultural output and 
employment; provided that the production elasticity of capital 
inputs is small. 
A Model of the Peed-Grain Livestock Economy 
The one commodity model previously considered,abstracts 
I 
from the important consideration that some final products may 
be intermediate products in the production of other final 
products. For example, one area may specialize in the produc­
tion of feed grains which are used as an intermediate input 
in livestock production in some other region. Theoretically, 
it would be possible to estimate separable production func­
tions for the grain producing and livestock producing region. 
I 
It is also possible, however, that production of feed grains 
and livestock take place in the same region and on the same 
farms. Theoretically it would be possible to estimate an im­
plicit production function for such a region. Such an approach 
could be extended to embrace multiple intermediate and mul­
tiple final products. The simplest possible model for the 
feed grain-livestock economy would be achieved if we could 
consider one homogeneous intermediate product "grain" and one 
homogeneous final product "livestock" produced within the same 
region. Specification of the implicit production function, 
in addition to the disappearance of "grain" and "livestock" 
33 
into channels for human consumption would suffice to derive 
the short run supply curve for livestock and the demand func- . 
tion, by sources, for feed grains. In an extended model we 
could consider the production of feed grains and the produc­
tion of livestock to be separated geographically or special­
ized between farms within the same region. In either case we 
would obtain separate production functions for the production 
of feed grains and the production of livestock. 
Suppose that we construct a two sector model of agricul­
ture. One sector produces "grains" which can be sold to con­
sumers, livestock producers, or to the government. The second 
sector produces livestock, and utilizes feed grains as an in­
put, and sells its output to the consumer or the government. 
Exports are not included in the model. Previously we have dis­
cussed how the production function may be utilized in deriving 
the short run supply curve and factor demand curves. In this 
derivation we observe that variables denoting fixed resources 
enter as constants, in the supply and factor demand curves. 
Variable factors of production are represented through corre­
sponding prices in such relationships. We can therefore 
specify the variables that will be included in the relation­
ships of the two sector model. We define, 
1. A. the sup-ply function for grains 
&10* ^li' ^ Ij' ^ ^1 = ^1 
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total grains produced 
a^o index' of technological progress 
Zii predetermined inputs (i = 1, 4) ' 
P-) A prices of inputs which are variable in the short run 
^ (j = 2, 3) 
PX]_ support price for grains 
2. A. the demand for feed grains 
%1.2 - %1.2 &20' ^ 2i' ^ 23' ^ ^1 ' 
^1.2 total grains fed to livestock 
sl2q index of technology 
Z2± predetermined inputs (i = 1, 4) 
Pp 4 prices of inputs which are variable in the short run 
J (j = 2, 3) 
PX2 support price for livestock 
A. consumer demand for grains 
Xi.i - Xi.i v; Pxi ; Pzg : I 
^1.1 consximer demand for grains 
V total population 
I per capita income 
k. A. distribution identity for grains 
Ql = %1 - %1,2 - %1.1 
government storage of grains 
%% total production of grains 
%.2 total feed grains 
X^.l consumer demand for grains 
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5- A» the supply function for livestock 
120: Z21: Pzj: P%i; Xg - Xg 
X2 total livestock produced 
3.2Q index of technology 
Z21 predetermined inputs (1 = 1, 4) 
Pp-i prices of inputs which are variable in the short run 
J (j = 2, 3) 
Pxg support price for livestock 
6. A. consumer demand for livestock 
%2.1 ^  ^ 2.1 F%1' F%2' I 
X2.1 consumer demand for livestock 
V total population 
I per capita Income 
I 
7. A. distribution identity for livestock 
Q2 = X2 - X2.1 
Q2 government storage of livestock 
8. A. demand functions for variable inputs in grain 
production 
2ij = Zij aio; Zii; Pij: fxi 
amounts demanded of variable inputs (j = 2, 3) 
predetermined Inputs (1 = 1, 4) 
P^j prices of variable inputs,(j = 2, 3) 
P2]_ price of grains 
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9« A. distribution Identity for variable Inputs 
Qlj = ^Ij - ^Ij 
Q^-j government controlled amount of variable inputs in 
grain production (j = 3) 
Z?:, total available supply of certain variable inputs 
(e.g. land) (j = 3) 
^2j - %2j 
10. A. demand functions for variable inputs in livestock 
*20: ^ 21; P2j: F=i; P12 
Z2j amount demanded of variable inputs (j = 2, 3) 
Z2i predetermined inputs (i = 1, 4) 
P2j price of variable inputs 
Px2 price of livestock 
11. A. distribution identity for variable inputs 
Q2j = Z2j - Z2j 
Q21 government controlled amount of variable inputs in 
livestock production (J = 3) 
it 
Zr)s total available supply of certain variable inputs 
(e.g. land) (j = 3) 1 
12. A. definition of net farm income in grain production 
Yi - Pxi'Xi ^Ij'^lj 
Y2 net farm income from grain production 
Pxi'Xi gross farm income from grain production 
13. A. definition of net farm income in livestock production 
Y2 = P2'%2 "^ "^ 2.1'^ 2.1 - P%1'%1.2 
Yo net farm income from livestock 
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^2*^2 gross farm Income from livestock 
^2j* ^2j expenditure on variable inputs 
PX]_*Xi.2 intersectoral transaction flow 
The above model can be numerically specified provided the fol­
lowing relationships are known: 1) the production function 
in grain production, 2) the production function in livestock 
production, 3) the de'mand functions for grains by source of 
disappearance, 4) the demand functions for livestock by source 
of disappearance. All other behavlorlal relationships and 
accounting identities are derivative to the four foregoing 
relationships. The Inclusion of predetermined inputs indi­
cates that the model is short run in nature. An Important 
assumption is that producers maximize profit in terms of cur­
rent prices. Suppose we specify the four following relation­
ships: 
The production function for grains: 
ail *12 ^13 ^14 
% - ^ 10 * 1^1 * 1^2 ' ^13 * 1^4 
The production function for livestock: 
8-21 8,22 2^3 2^^  2^5 
X = ago • Z2I * 2^2 ' ^ 23 ' ^24 ' ^1.2 
The consumer demand for grains: 
^31 ^32 ^33 
Xl.l = V ' *30 P:l I 
The consumer demand for livestock: 
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aij.1 a.if.2 • 
X2.1 = V . a^o Pxi Pxg I 
After some algebraic manipulation we can derive Table 2, which 
presents the structural interdependence between endogenous 
and exogenous variables, such that a percentage change in one 
endogenous variable is a linear function of the percentage 
changes in the exogenous variables. The coefficients in these 
linear relationships are combinations of the parameters in the 
basic four relationships, specified previously. 
The exogenous variables can be classified as either data 
variables or policy Instruments. We consider as data vari­
ables: 
a]_Q : the index of technology in grain production 
3.20 : the index of technology in livestock production 
V : the total consuming population 
i : the per capita income 
^1.1 * the supply of capital in grain production 
s the supply of labor in grain production 
Z2.1 : the supply of capital in livestock production 
Z2.if : the supply of labor in livestock production 
Px-i p : the prices paid for variable inputs used in 
grain production 
Pxo o • the prices paid for variable inputs used in 
livestock production 
We consider as policy instruments the following variables: 
p^^ ; the support price for grains 
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Table 2. Bie structural interdependence between endogenous and exogencus variables in a simple model of %e feed grain-livestock eoonomy 
tion % % I i %.l Z2.I %,2 ' %2.2 \ Pn R 'x2 %1.3 %2,3 
liA. Total grain production \ 7%^  
2iA. Grain fed to livestock %2 2^ 
3.A. Consumer demand for 
%7l "312^ 1 
1^^ 2 %t^ 2 %2^ 2 
1 a. 
'33 
91 1^ -^ 2 -1 ®11^ 1 %^ 2 "®2lt^ 2 "^ 12^ 1 "%^ 2 
5iAi Total livestock 
production 
for livestock 
\ ^2 
'2,1 
321^ 2 "322 *'2 
1 a. %3 
7ii. Government storage q. L -l-au 
demand for livestock -322^ 2 
(ai2+ai3l^ l 
2^ 2^ 
% ®32 
•'72-332 
1)72] 
"%^ 2 (*22**23 
+32^ )72 
% *li2 
'*2$V2-a||l (%+*23 
"%^ 1 
"*23^ 2 
production 
from grain promotion 
10,A.3 Total acres in 
livestock production 
from livestock 
production 
Demand for variai 
inputs in grain 
production 
^ 1 1 
1"%2"%3 ' ^ 1 - 322 ®23 " % ' 
"*13^ 1 "*23^ 2 
*23^ 2 
•*23^2 
%1,3 \ *11^ 1 (ai2'l)^ l ^1 "^ 12^ 1 
I3.I •h (1-312)^ 1 -7i t2^ 1 
%.3 72 *21^ 2 *21(^ 2 "*22^ 2 "%^ 2 
"il-Vj 
3^.2 •h •321V2 "^ ,^ 2 *22^ 2 %^ 2 "^ 2 
•m 
h,2 \ hi^ i t&^ i (313-1) ?1 
I 
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Table 2, (Gontimedj 
Equa­
tion ^ change a^o % T ^ %.l %l.k %.l %.2 ^,2 PZ2.3 
10,i,2 Demand for variable 
inputs in livestock 
production 
^2 %^2 ^211 ^2 (ag^+ag^-l) 
'7; 
"%^2 ^2 "*23^2 
12,A, let farm income from 
grain production 
71 \ ail^l 
+1 
"212^1+1 
13,A, Met fan jjicome from 
livestock production h ^ 2 '  ®21^2 -(a2j+a2^-l) 
'^J+l 
1 
'Vg+l 
4-0 
: the support price for livestock 
P2-, q : the government payment per acre idled in grain 
production 
P2p _ : the government payment per acre idled in live-
stock production 
The endogenous variables can be classified as either target 
variables or non-conditioned variables. We consider as target 
variables: 
: the government storage demand for grains 
q2 : the government storage demand for livestock 
Z^.l : the total acreage retired from grain production 
Zo,2 • the total acreage retired from livestock pro­
duction 
y^ : the net farm income from grain production 
y2 : the net farm income from livestock production 
We consider as non-conditioned variables: 
: the total production oè grains 
^1.2 • amount of grains fed to livestock 
^1.1 * the consumer demand for grains 
Xg : the total production of livestock 
'^ 2|.l * the consumer demand for livestock 
^2,.2 ' the demand for variable inputs in grain pro­
duction 
Z2.2 : the demand for variable inputs in livestock 
production 
Given the structural relationships between endogenous and exo­
genous variables we can then derive the relationships between 
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target variables and policy variables as they are conditioned 
by the data variables. 
It will be observed that in the present model the govern­
ment pursues a price support policy and an acreage retirement 
program in both grain production and livestock production. 
Various intermediate combinations of programs are possible. 
For example, we could assume an open market in the production 
of livestock and the absence of a land retirement program in 
livestock production. These assumptions will lead to a modi­
fication of the coefficients which underlie the structural 
relationships in the feed grain-livestock economy. The modi­
fied structural relationships may be obtained from the present 
tableau of coefficients by means of the Simplex inversion. 
We would achieve an open market in livestock production if 
the price of livestock (p^-g) became a dependent or endogenous 
variable. To effect this transformation we consider the price 
of livestock to be the "Incoming" activity with the pivotal 
element determined by the Intersection of the government 
demand for livestock (q^) row and the price for livestock 
(Pxg) column. We then apply the regular Simplex inversion. 
Subsequently we can apply the same procedure to the government 
payment per acre idled in livestock production (pgg column 
and the government controlled acreage (0^.2) row. In this 
case the price of land (p% ) is the incoming activity. It 
is apparent that by taking the successive inversions in 
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different order a variety of Intermediate policy programs 
can be created. With the absence of governmental policy with 
respect to agriculture we would successively eliminate all 
policy variables, resulting thereby in a substitution of 
corresponding prices in the endogenous variable column. To 
the extent that the inversions are carried out in mnemonic 
terms a comparison of various programs would elucidate the 
impact of data variables (e.g. technological progress, re­
source expansion, prices paid by farmers) on the endogenous 
variables. A priori it is evident that the impact of the data 
variables is conditioned by the particular mix of government 
programs. Given the structural relationships between target 
variables and instrumental variables we can design economic 
policy such that the targets are achieved at minimum cost. 
Suppose we define the efficiency of a price program as 
the increase in net farm income that is obtained for a dollar 
expenditure by the government. The problem of economic policy 
is then to optimize for that mix of price programs that max­
imizes net farm Income for a given total outlay by the govern­
ment. The solution involves the principles of economic policy 
developed in the previous pages. Government payments for a 
commodity for which a price program is in effect equals: 
Ci = Qi * Pi i = 1 ... n (1) 
where Ci = total government cost for commodity i 
^3 
Qj_ = quantity of commodity i put into storage 
Pj^ = support price level for commodity .i. 
From equation 1 we obtain 
A Ci = aQi ' Pi + Qi ' 4 Pi + aQi ' A Pi ^ (2) 
where 6 Ci = increase in government cost for commodity i. 
Dividing equation 2 by equation 1 we obtain 
A Ci = Ci[pi + qi + Piqi] (3) 
where Pi = percentage increase in support price for 
commodity i 
qi = percentage increase in quantity stored. 
By summing over all commodities \ = 1. n we obtain: 
n n 
AC = ^Ci = CqXT ®i(Pi + Si + Piqi) (^) 
i=l i=l 
01 = li 
1=1 
where A C = the total increase of government cost for all 
price programs 
Cq = current total cost of agricultural support programs 
0j_ = Ci/Co, i.e. the fraction of current cost of the 
price program 1 relative to the total current cost 
of price programs. 
In general the interaction terms (piqi) will be small relative 
to the first order effects of Pj^ and qi. We will therefore 
ignore cross product terms and obtain: 
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n 
/I c = > SiCPi + qi) (5) 
1=1 
From Table 2 we know that . 
m n 
qi =5_r a.m. biPi (6) j=l ^ 1=1 
where mj = percentage change forecast for data variables 
' p^ = percentage change in policy instruments (support 
prices) 
qj_ = percentage change in total storage for commodity i. 
Substituting equation 6 into equation 5 we obtain 
V ^  r ^ 1 
AC = Co^_ @1 Pi +^_ a.m. + XI ^iPi (7) 
1=1 L j=l J J i=l J 
Equation 7 expresses the increase in the total cost of govern­
ment price programs as a linear function in the percentage 
changes for data variables and instrumental variables. In a 
policy programming model we take this function as the objec­
tive function to be minimized subject to a set of linear con­
straints derived from the structural relationships of the 
feed grain-livestock economy. Suppose we summarize the struc­
ture of the model such that; 
1—1 •
p 
II 
^11 ^12 Pi 
t2 _ , ^ 21 ^22 mg 
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: vector of target variables, e.g. storage costs 
for individual commodities and net farm income 
by sectors 
t2 : vector of non-conditioned variables, e.g. demand 
for feed grains 
: vector of instrumental variables, e.g. support 
prices for commodities and per acre payments 
m2 : vector of data variables. 
Matrices A^i, A21, A22 are partitioned correspondingly. 
Suppose we obtain forecasts for the variables in vector m2. 
Suppose further that the policy directives are stated in terms 
of inequalities i.e. in terms of lower or upper bounds on the 
target variables in vector t^. We then obtain a simple linear 
programming problem. 
minimize AC = ^ [Pl ' ^2 ] 
subject to t^ A22 P]_ + A22 ^ 2 
where P]_ 0 • 
For a different numerical constellation different policy 
directives will be obtained. Depending on the problem formu­
lation different solutions will be forthcoming. Furthermore 
depending on the technical approach (fixed targets vs. linear 
programming) widely varying recommendations may result. Much 
less can we expect any degree of unanimity among those who 
deal with the agricultural policy problem in its full complex­
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ity. Yet if progress is to be made beyond a merely vociferous 
discussion of the ideological.issues involved, the partici­
pants in the debate on agricultural policy must be persuaded 
to make their position explicit in terms of the foregoing 
theoretical constructs. 
4? 
STATISTICAL CONSIDERATIONS IN ESTIMATING 
SUPPLY RESPONSE IN AGRICULTURE 
The Identification Problem 
This study is almost exclusively concerned with single 
equation estimation on the basis of ordinary least squares 
(O.L.8.). The justification of such a procedure depends on 
a concensus, if any, on the following points: 1) the need to 
take explicit account of the system of relationships in which 
the estimated equation is embedded; 2) the loss of precision 
in estimation and prediction with single equation and simul­
taneous equation techniques. Estimation is singularly in­
tractable with respect to generalization from a strictly theo­
retical base. Monte Carlo studies furnish evidence that the 
configuration of data, i.e. the numerical nature of the sample, 
1 
and specification error lead to divergent rankings from ex­
periment to experiment (10?) . A definitive verdict in favor 
of either technique has as yet not been forthcoming (32, 40, 
53» 58, 75)• Before considering the merits of various tech­
niques we will in brief describe the statistical implications 
of L.I.S.E. (limited information single equation estimation); 
2 S.L.S. (two stage least squares); I.L.S. (indirect least 
squares) and the properties of K-class estimators. 
Suppose we have the following complete model; 
l^ 8 
I^t 1^2 1^3 ^ It 1^4 ^ 2t ~ ^ It 
^21 y2t + yzt + ^ 23 %lt + ^24 ^ 2t = ^Zt (9) 
The above model is complete in the sense that the number of 
endogenous variables (yj^) equals the number of equations. 
Estimation of parameters in equations 8 and 9 can proceed only 
on the basis of assumptions about the probability distribu­
tions of the disturbance terms. We assume: 
E(uit) = E(u2t) = 0 for all t (10) 
E(uit ^It+s) = 0 for s ^ 0 for ail t (11) 
= ^1 for S = 0 for ail t 
E(u2t • U2t+s) = 0 for S 7^ 0 for ail t (12) 
11 for S = 0 for ail t 
E(uit • *2t+s) = 0 for S 7^ 0 for ail t (13) 
" ^ 12 for 
S = 0 for ail t 
Assumptions 11 and 12 imply the absence of autocorrelation in 
the residuals. A necessary, but not sufficient condition is 
that the model be correctly specified with respect to func­
tional form and variables included. Assumption I3 implies 
the absence of serial correlation between the residuals. 
Empirical evidence suggests that ordinary least squares ex­
hibits greater robustness with respect to the violation of 
these assumptions than do the simultaneous equation techniques 
(54, 109). Since in practical estimation both auto correla­
tion and serial correlation are frequently present it would be 
4? 
desirable to make the comparison between O.L.S. and the simul­
taneous equation techniques with autocorrelation being allowed 
for. All published Monte Carlo studies have shirked this pos­
sibility, although Wagner's (10?) work on specification error 
indicates that O.L.S. is less affected by that type of error 
than are L.I.S.E. and 2 S.L.S. methods. 
The structural relations plus the assumptions about the 
disturbance terms complete the specification of the model. 
The estimation problem is then to derive estimates for the 
coefficients appearing in equations 8 and 9- An equation is 
said to be just identified if unique estimates of all para­
meters in that equation can be obtained. An equation is said 
to be overidentified if for at least one parameter more than 
one estimate is generated. An equation is said to be under-
identified if no estimate is generated for at least one para­
meter appearing in that equation. The concept of identifica­
tion therefore can be applied to single parameters, equations 
and.the complete system of equations, going successively from 
the particular to the general. In some situations extraneous 
information is available concerning certain parameters appear­
ing in the system of equations e.g. an income elasticity 
arrived at independently from a cross sectional budget study. 
Such information may be used to make an underidentified system 
just identified. In practice, however, one usually encounters 
overidentified systems of equations, due' to the fact that a 
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large number of predetermined variables in the system occur 
for one or two equations only, rather than In all equations. 
Extraneous information for an overidentifled equation is 
usually superfluous since more than one parameter estimate is 
already available. The problem of identification exists apart 
from the statistical properties, and is independent of sample 
size. As with O.L.S. we derive the joint likelihood function 
for y^t and y2t for given x^^ and X2t, we derive the con­
ditional joint likelihood function for y^^ and yg^» Hence we 
aim to derive: 
f(yit y2t/%it %2t) (14) 
In ordinary least squares we normalize on a single endogenous 
variable (e.g. y^^) and assume other endogenous variables 
(e.g. y2t) given. This is the fundamental difference be­
tween simultaneous equation techniques and ordinary least 
squares. Using a basic theorem on transformations on fre­
quency functions we derive from equation l4, 
f("lt "2t/=lt =2t) ' dui^/dji^ ^uit/^ygt 
^up^/^y., c)up+,/c)y 
(15) 
'2t/ "Jit "2t/ "J2t 
where the determinant on the right hand side is the absolute 
value of the Jacobian obtained by differentiating equations 
8 and 9 partially with respect to y^^ and y2f Using the 
assumptions of zero autocorrelation and zero serial correla­
tion in the stochastic disturbances u^^ and U2t, we obtain the 
51 
joint likelihood function for n observations as the product: 
n 
(^It ^2t/^lt %2t) 
^21 
1^2 
1 
n 
(16) 
It is important to show that equation l6 is equivalent to the 
joint likelihood function of equations 8 and 9* Expressing 
the latter equations in matrix form, we obtain 
~ '^ t (1?) 
Premultiplying equation l6 by a no n s ingular 2x2 matrix we 
have 
AByt + - -^ t^ ~ "^ t 
The variance-covariance matrix for v^ is 
(18) 
A 
(Ti 12 
. 2  
A' (19) 
"12 ^ 2 
and possesses the properties assumed for the original resid­
uals U]_^ and U2t> since linear transformations on non-auto-
correlated residuals give rise to a combined residual which 
has the same property. Analogous to equation 15 we derive the 
joint likelihood function for v^ as 
(7lt 72t/Zit =2t) ' 
Prom equation 18 we have 
c) Vit/ It 'c) Vit/ 2t 
c)v2t/'^Ylt ^Tgt/^Y 2t 
(20 )  
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A ' Ut = vt (21) 
and hence transforming equation 20 into the joint likelihood 
I 
function on u^ is tantamount to premultiplying equation 20 by 
the absolute value of det A~l. It then follows that equations 
20 and 15 are observationally equivalent in the sense that 
they give rise to an identical likelihood function. In par­
ticular if we choose 
A = (22) 
we obtain 
CZt = B"^  u^  (23) 
Matrix equation 23 is commonly referred to as the reduced form 
for a system of equations; it expresses the endogenous vari­
ables (Y^) in terms of the predetermined variables (x^) and 
the stochastic disturbances (u^). Simultaneous equation 
methods result in maximum likelihood estimates for the coeffi­
cients in the matrix B~^ C . The problem of identifica­
tion is then equivalent to finding a unique transformation B 
which will yield the coefficients in the original matrix equa­
tion 17» Suppose we estimate 
B"^ • C = D (24) 
It is evident that without the presence of restrictions on the 
coefficients of B~^ and C an infinite number of matrices B~1 
and G will yield the matrix product D. Identification becomes 
possible only if a priori restrictions are placed on matrices 
B~^ and C. Such restrictions usually take the form of zero or 
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non-zero coefficients i.e. included or excluded variables. 
It follows that if all variables are present in all equations, 
one cannot hope to arrive at unique estimates of the coeffi­
cients in the original matrix equation I7. However for pre­
diction purposes the reduced form is quite useful. The prob-
I 
lem of prediction-is not completely divorced from the complete 
a priori model formulation. Prom equation 23 it follows that 
. in the reduced form predetermined variables are associated 
with a given endogenous variable not included in the initial 
specification. A particularly apt illustration is a general­
ized demand model for agricultural commodities. The initial 
specification, with quantities supplied as predetermined, con­
tains prices as endogenous variables. The reduced form ex­
presses each of these prices in terms of the quantities, 
supplies and other predetermined variables. 
In certain situations of underidentification additional 
restrictions on the covariance matrix * [^ij] ' may 
lead to Identification. For example one could specify a 
priori that the matrix ^ij be diagonal and that therefore 
the stochastic disturbances in the various equations are not 
correlated. Since our estimation will result in estimates of 
the j, we obtain a system of equations (linear or nonlin­
ear) in terms of the ^ j and ^ij* These additional restric­
tions may achieve additional identification. However, in most 
empirical studies overidentification is the rule rather than 
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the exception and the foregoing possibility is rarely invoked. 
Referring to equation 23 we may encounter the fortunate 
situation in which is diagonal. All parameters are exact-
, ly identified, but the case is trivial in the sense that no 
true simultaneity exists, even though the disturbances of the 
various equations may be correlated. Conversely the properties 
of covariance matrix of the stochastic disturbances in no way 
determine whether two variables are jointly dependent. Sup-
I 
pose however that B is a triangular matrix, without loss of 
generality we can normalize the coefficients in the equations 
on the diagonal elements in B. By an elementary theorem in 
matrix algebra we find det B = 1 and B~^ =j^(-l)^^^ b^jj. In 
this case at least one equation will be exactly identified, 
but depending on the restrictions on C no further exact iden­
tification may be possible. Above triangularity of B is close­
ly related to the properties of a recursive system. In a re­
cursive system we do not encounter simultaneity proper since 
each equation contains only one endogenous variable, which 
cannot be substituted for in terms of predetermined variables. 
Among the predetermined variables we will find lagged endo­
genous variables which are endogenous to other equations pre­
ceding the current equation in a causal time sense. Wold's 
(73, 110) statistical approach is to arrive at the likelihood 
function by substituting for lagged endogenous variables, ex­
cluding the self lagged endogenous variable, the estimated 
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value for the lagged endogenous variable. The inclusion of a 
self lagged endogenous variable, as in Nerlove-like models, 
must be justified on other grounds than recursiveness. It may 
also be noted here that Simon's (72) observations on causality 
are not applicable to simultaneous equations as far as esti-
mability is concerned. However, from a strictly deterministic 
equational approach triangularity could be interpreted as 
causality, without reference to time causal sequences. It is 
in that sense that Simon utilizes the concept of causality. 
Prom the foregoing it follows that the triangularity 
properties of B and C or decomposability properties are in 
general not sufficient to lead to exact identification. For 
recursive systems identiflability does not arise, since we dO: 
not utilize the reduced form. For simultaneous equations we 
do utilize the reduced form and treatment of the identifica­
tion problem is based on this. Suppose we have the system 
Assuming that we are interested in the identiflability of the 
first equation, we have 
where b^ is the first row of B and c^ is the first row of C 
and is the stochastic disturbance for the first equation. 
Premultiplying the reduced form equation 23 by b]_ gives 
B • y^ + C ' %t = ut (25) 
bi yt + xt = ^It (26)  
yt + ' C = tl Ut (27 )  
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Since is the first row of the matrix B and the inverse 
of that matrix, it must follow that 
bi B ^  = 10 0... 
It then follows that equation 27 is identical to 
Yt + ^ 1 C xt = uit 
Comparing equations 26 and 29 it must follow 
= bn B"^ C = bi °1 " "1 
(28)  
(29) 
(30) 
Assume that we have (y endogenous variables and k* predeter­
mined variables in the first equation. Assume that = (j 
/O A 
- y and k** = k - k* are the number in each class ex­
cluded from that equation. We can then partition equation 30, 
correspondingly, such that 
[^ 1* 0**] - [^ 1^  
We can write equation 31 as 
'1* 
= b lA 
I I A* TT4** 
rr TT 
,TL. 
(31) 
(32) 
(33) 0** — b^  ^I 1^ #* 
The parameters in equation one will be exactly identified if 
equation 33 can be solved to yield b^ . The possibility of 
exact identification is therefore linked to the rank of the 
matrix in equation 33 » The relation is identifiable of 
^ ^ - 1 ( 3^ ) 
Since the matrix has Ç rows and k"^^* columns, a necessary 
condition for identiflability is 
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Ç - 1 (35) 
In other words, the number of columns must be greater or equal 
than the number of rows minus one. The number of predeter­
mined variables excluded from the relation must be greater 
than the number of endogenous variables in the estimated rela-
/O A-A 
tion minus one. Adding ^  to both sides gives 
k** + 1 (36) 
Hence the total number of variables not appearing in the esti­
mated equation must be greater than the total number of endo­
genous variables in the system minus one. The rank condition 
for exact identification is that 
= '?''- 1 (37) 
If the rank is less than (? -1 the equation is underidentified. 
If the rank is greater than y -1 the equation is overiden-
tified. A third and equivalent condition is that the rank of 
the matrix containing the coefficients of the excluded vari­
ables in the estimated equation in the remaining -1 equa­
tions must be at least -1. The condition stated in equation 
36 is the more convenient one. 
Usually a system of equations will contain almost exclu­
sively overidentified equations. Limited information single 
equation (L.I.S.E.), least variance ratio (L.V.fi.), two stage 
least squares (2 S.L.S.) and k-class estimators generally are 
specifically designed for estimating overidentified equations. 
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Pull information maximum likelihood (P.I.M.L.) and three stage 
least squares (3 S.L.S.) estimate all equations in the system 
simultaneously. 
Indirect least squares (I.L.S.) utilizes the reduced form 
and is applied only in the case of an exact identified equa­
tion. The coefficients in the reduced form are best, linear 
and unbiased (B.L.U.E.) but these properties do not carry 
through for the estimates of the structural coefficients, nor 
can the standard errors for the structural coefficients be 
obtained. The estimates are consistent however, but this is 
a large sample property. Experiments with small samples indi­
cate, aside from prediction purposes from the reduced form, 
that I.L.S. estimates are little better than O.L.S. estimates. 
Limited information single equation (L.I.3.E.) and the 
least variance.ratio (L.V.R.) lead to identical results. The 
L.I.S.E. method is to maximize the likelihood function for 
the endogenous variables, subject to the restriction 
rank ( L** = - 1 (38) 
Above approach was developed by Anderson and Rubin (4) and 
Hood and Koopmans (46). The application of the method re­
quires one to know, in addition to the specification of the 
single equation estimated, the predetermined variables appear­
ing in the other equations of the system. The likelihood 
function is obtained as 
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t 
L = -1/2^ log (39) 
where ^ and are certain matrices of residuals, such 
that 
"la ° X, (Xi X )-^  Xi (40) 
^ A X (%' X' (41) 
X = [x<f X»»] (42) 
We maximize equation 39 for the smallest root in the deter­
minant al equation 
/ "li -XWii/ = 0 (43) 
Prom equation 43 we obtain the coefficients for the endogenous 
variables in the estimated equation 
° (W) 
We then obtain the coefficients for the predetermined vari­
ables from 
Ci* = A ^  (45) 
Anderson and Rubin (4) also developed the equations for the 
standard errors of the estimated coefficients. Standard 
errors with L.I.S.E. are substantially larger than with 
O.L.S., but superior in terms of unbiasedness. In terms of 
mean square error no consistent ranking is evident, however 
O.L.S. are more robust with respect to specification error 
and auto-correlation. L.I.S.E. is a capital intensive approach 
to estimation, unless structural estimates are of great 
6o 
importance (as in policy models) no definitive verdict 
against O.L.S. can be given. 
Two Stage Least Squares (2 S.L.S.) proceeds by normal­
izing on a particular endogenous variable. We obtain then for 
the equation to be estimated 
0'^  + (46) 
where the interpretation is as in equation 4l but with 
containing only ^  -1 endogenous variables. We compute 
Y^ = X(X' X' Y* + V ' (4?) 
where we obtain the matrix of regression coefficients of all 
"independent" endogenous variables in the estimated equation 
on all predetermined variables in the system. Rewriting equa­
tion 46 we obtain 
y^ = -(Ya - V)b^^- X* + (u - Vb^) (48) 
and this can be written as 
""bl 
?! = - - V)x#] + (u. - V b^) (49) 
We then simply estimate equation 49 by O.L.S. and obtain 
4 Y^ Yj - V'V 
X' Yj, 
X* -1 ÏA -
X* X* 
• Yi 
(50) 
From equation $0 we observe that the basic idea underlying 
2 S.L.S. is to replace the "independent" endogenous variables 
by their estimated values. Such substituted variables are 
6l 
independent of the stochastic disturbance in equation 49 and 
permit application of O.L.S. Both 2 S.L.S. and L.I.S.E. make 
use of all predetermined variables in the system. Aside from 
singularity problems it is readily seen that both methods are 
computationally burdensome. 
Theil has developed the k-class estimators from equation 
50 by defining 
t* " 
^1 
c* 
. 1. 
Y' Y. - kV'V A 
Y* Y^ Xl X* 
-1 Y* - kV 
n 
• yi 
(51) 
Ordinary least squares (O.L.S.) corresponds to k = 0, since 
in that case the normal equations are developed from equation 
51. Two stage least squares (2 S.L.S.) corresponds to k = 1 
and limited information corresponds to k =Aj where A is de­
fined in equation 43. It can be shown that 2 S.L.S. minimizes 
the difference between the residual terms shown in equation 
and that L.I.S.E. minimizes the ratio between these 
residual terms. The condition for consistency of k-class 
estimators is that 
plim k = 1 (52) 
n—> CO 
Ordinary least squares is inconsistent for k = 0. Two stage 
least squares is consistent since k = 1, L.I.S.E. estimates 
are consistent asymptotically. Consistency is a large sample 
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properly and hence of little use in evaluating small sample 
applications. Nagar's (67) work on small sample properties 
of k-class estimators indicates that they may be biased and 
that no consistent preference of 2 S.L.S. and L.I.S.E. exists 
with.respect to O.L.S. 
Identification proceeds a priori with respect to the in­
clusion or exclusion of variables. However, after estimation 
it is often desirable to know whether this exclusion is really 
warranted. Hood and Koopmans (46) develop the asymptotic 
distribution for such a statistic. Basmann (6) has developed 
a test which is more suitable for small samples. It utilizes 
the L.I.S.E. method for obtaining in equation 43 and deriv­
ing once again from equation 44, but with the understanding 
that b^ is a 2 S.L.S. estimate. The computational .burden 
inherent in this approach is rather prohibitive for routine 
application. 
Recursive systems 
Suppose we have the system of equations 
Byt + C Zt = ut (53) 
The above system is a recursive system if the following prop­
erties hold 
B is lower triangular (54) 
E(ui^ ; yj^) = 0 for i<j for all t (55) 
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This implies that the stochastic disturbances in the equations 
no restrictions are made on either B or on the covariance 
matrix of the stochastic disturbances. Recursive systems are 
therefore a.special case of the more general system of simul­
taneous equations. Assumptions 5^ and 55 permit us to esti-
from the conditional likelihood function derivable from equa­
tion 56. In that estimation procedure we do not use the re­
duced form, and hence the problem of identification does not 
arise as it would if we estimated the reduced form 
Recursive systems are frequently given a causal interpreta­
tion. There continues to be an intensive discussion on the 
concept of causality in econometric investigations (72, 73» 
110). Since causality is a term in common parlance no 
rigorous definition exists. Conversely the econometrician is 
at liberty to adopt a definition specific to his work. Caus­
ality in recursive systems is understood to imply an asymétrie 
relationship. Controlling an endogenous variable yj implies 
that we exert at least stochastic control on a variable y^^, 
if i ^ j. The converse does not hold. In pure simultaneous 
are distributed independently. With the k-class estimators 
(56) 
Yt + C Zt = Ut (57) 
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relationships it is generally held that this division cannot 
be imposed. A recursive system as defined above always 
possesses the property of causality as defined above. Re­
cursive systems can be subdivided into pure causal chains and 
conditional chains. A pure causal chain, after appropriate 
substitution, transforms the matrix B into a diagonal matrix. 
Many Tinbergen policy models (80) fall in this category. The 
cobweb tijieorem as applied to the supply and demand for hogs 
is an example at the micro level.. Strotz and'Wold (73) have 
argued that a simultaneous equation system can be seen as the 
limiting form of a recursive system, where the adaptation 
process I of the economy is Instantaneous. Bentzel and Hansen 
(7) have pointed out that mere aggregation of atomistic deci­
sions will tend to bring about a similar result. The question 
then remains whether causality exists in a non-r;ecursive 
system. Suppose we have the generalized supply and demand 
model. 
%d.t = ^1 (P.t 2d.t) + "t 
Ss.t == ^2 (p.t 2s.t) ^t 
^d.t " ^s.t 
Since equations 58 and 59 are behaviorial relationsnips we 
could interpret prices as the causal factors for demand and 
supply. If production would Instantaneously adjust to demand 
and vice versa, we would have a system of simultaneous equa­
(58) 
(59) 
(60)  
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tions, but this is obviously contingent upon the condition 
stated in equation 60. The existence of lags e.g. would 
transform equation 59 into 
Is.t = fz'P.t-g ' Zs.t' + (61) 
and we would obtain a pure causal chain in the Tinbergen 
sense. Conversely for 0—> 0 we will eventually approach a 
non-recursive system, of equations. 
The Time Shape of Economic Reactions 
The following pages are concerned with the quantitative 
approximation of the time shape of economic reactions. The 
limited number of observations in economic time series re­
stricts the number of explanatory variables included in such 
approximations. Coefficients tend to become erratic if 
larger number of variables are included eVen if their inclusion 
may be defensible from the point of economic logic. It is 
therefore desirable to develop hypotheses which permit the 
estimation of the time shape of "long run" adjustment in terms 
of reduced forms that contain a limited number of variables. 
The number of hypotheses that meet both criteria are in scarce 
supply. 
Analytically the time shape of reaction can be written 
as follows: 
Yt = f(xt Xt-1 ' Xt-2 ? (62) 
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The usual hypothesis in relation to function 62 is that the 
coefficients of regression represent the true time shape of 
reaction. It is implicitly assumed that the sum of the co­
efficients approaches some limit 1. Koyck (57) observes that 
generally such hypotheses tend to overestimate actual adjust­
ment in the short run and Alt (3) states that the sum of re­
gression coefficients does not ordinarily approach a limit. 
The assumption underlying the use of distributed lags is that 
the speed of reaction changes over time, if it were constant 
a function 62 would be an adequate approximation. The 
hypotheses developed assume either one of the forms: 
^n 
a) Yt a (Wi xt-l) (63) 
i=0 
the explanatory variables are weighted according to 
some predetermined distribution 
b) Yt c (l-c)t-l Yf (64) 
1=0 ^ 
Y^ is a weighted linear function in terms of some 
Y*, denoting the desired quantity after full adjust-
' ment has been made 
k 2 
c) Y^ a^ Zt-1 + Xt-k-1 + %t-k-2 + ••• 
i=0 
0 < 1 ^  1 (65) 
Y-t is a linear function in the x^-i but from a cer­
tain index k onwards the weights of the variables 
6? 
xt-k-1 decrease in constant proportion. 
Hypothesis a) was first used by Fisher (30). A modified ver­
sion of b) was used by Friedman (33) and more extensively by 
Nerlove (69)• Hypothesis c) was introduced by Koyck and will 
be analyzed with respect to using the regression coefficients 
in equation 65 as unbiased estimates of the aj_ and 1. Fur­
thermore, the economic logic of using a series of geometrically 
declining weights (1, 1^, 1^, ...) will be considered. 
Fisher's method has intuitive appeal because of its sim­
plicity. By this short-cut method the influence of any given 
variable x on y is assumed to be greatest at the very next 
unit of time, and then to diminish by equal decrements for 
each successive unit of time. A number of trials with dif­
ferent linear distributions presumably lead to a unique "best" 
approximation in terms of explained variance. Fisher observes 
that weighting analogous to a logarithmically normal distribu­
tion ordinarily does not increase the explained variance to a 
significant degree. The drawback of Fisher's method is that 
the merit of a statistical approximation cannot be judged 
exclusively on grounds of explained variance. 
Hypothesis b) has been used quite extensively in the 
estimation of supply functions for agricultural products. 
Assuming a change in the expected level of prices and assuming 
that such a change is borne out by subsequent events, output 
will be adjusted to this new price level. Dùe to the fact 
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that the restraints, on production are relatively inflexible in 
the short run the process of adjustment will be distributed 
over a number of successive time units. One plausible rela­
tion between current output and long run output Y* is that 
in each period actual output is adjusted in proportion to the 
difference between the output desired in long-run equilibrium 
and actual output, i.e. 
[ït - ït-l] = °|%t - %t-l] (66) 
0 <* c < 1 
We asume c to be a parameter, a characteristic depending ulti­
mately upon the flexibility of the conditions of production. 
Equaltion 66 is a first order difference equation. If we ex­
press Y^ as the difference with respect to Yq, equation 66 
can be solved for Y^: 
Yt = ZZ c(l-c)^ ^ y* (67) 
A =0 
Current output therefore is related to a series of desired 
* 
outputs previous to t = 0. Desired output Y^ itself may be 
a function of observable variables e.g. prices or price ratios 
during period t. The sum of the weights 
t' . \ 
ZT o(l-c)t-/\ (68) 
A =0 
equals unity since 0 <f' c ^  1. It can also be seen that the 
coefficient of output lagged (k + 1) years is (1-c) times the 
coefficient of output lagged k years. Equations 65 and 68 are 
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therefore similar except with respect to the term ^  a^x^-i. 
If the latter is omitted from Koyck's hypothesis a complete 
similarity results; this implies that even in the shortest run 
some adjustment is possible. Equation 67 is not very conve­
nient to work with. Assuming now that 
%t = a Pt (69) 
we substitute equation 69 into equation 64 and obtain a re­
duced form 
Yt = c a Pt - (1-c) Yt_i (70) 
Both c and a are identifiable. The time shape of reaction can 
be found by plotting the geometric series c(l-c)®; c(l-c)^; 
c(l-c) , etc. The question arises whether the coefficient c 
is unique for processes of expansion and contraction, i.e. 
constancy of c assumes that economic processes are reversible. 
In relation to the supply of agricultural products it is wide­
ly believed that the elasticity of supply in periods of ex­
pansion is higher than in periods of contraction. One cause 
of such asymmetry would arise from the fact that the lower 
bound of capital investment is substantially fixed in the 
short run. It is therefore believed that in periods of con­
traction the firm's supply curve can be closely identified 
with its marginal cost curve while in periods of expansion the 
addition of capital stock will generally result in the forma­
tion of a different set of cost curves whereby the firm aims 
I 
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at equalizing short run marginal costs and long run marginal 
costs. The transition from the individual firm's supply curve 
to that of the industry however is strewn with the difficul­
ties inherent in aggregation and it may well be that the 
reversibility of the industry supply curve proves to be an 
operational hypothesis. Koyck assumes this to be true for a 
number of industries characterized by a high proportion of 
fixed costs as compared to variable costs. 
Restating Koyck's hypothesis c) we obtain for ït+1 
spectively: 
^t+1 % %t+l + ^ 1 %t ••• %t-k+l &k^%t-k ••• (71) 
I 
<XYt = ^k-l^^t-k+1 ^kA^t-k —(72) 
^t+1 " ^  '^t ~ ^ o^t+1 (8^-ao^)xt + ... + (ak-ak_i'^Oxt-k+l 
(73) 
= ao=t+l + ^ iXt + ••• + ^ k^t-k+1 - ^^t (74) 
In equation 74 (k + 2) coefficients have to be estimated. If 
we restrict zero adjustment to one period then it is evident 
that the number of explanatory variables 64 is not out of pro­
portion to the length of most of the available time series. 
The long run elasticity of supply is approximated by: 
. k X 
©L 9i ' Y (75) i=0 ^ 
If all a^ have similar sign then long run elasticities will 
exceed the shorter run elasticities. Rewriting equation 73 
71 
for k = 1 we obtain 
ïfc = *0 Xt + + <Ut - >Ut-l) (76) 
where and Ut_i are random residuals associated with the 
functions 71 and 72. Let a and \ be estimates of a and ^  
which are found by minimizing^" (Y^ - a -^Yt-1^^* This 
involves a system of two linear equations in two unknowns 
A 
where the probability limit of \ can be represented as: 
plim > = 
E xt • 
E %t?t-l 
. 2 Yt Zt 
S Yt Yt-1 
(77) 
s X4 
2 It ?t-l 
E xt Yt-1 
E Y t-1 
For A to be a consistent estimate ofA, plim A must be iden­
tical to A. From equation 76 it follows that; 
a SX 2 + E Yt_iZt + GutXt - ^ Sut_iXt = (78) 
a 2%tyt-l+ ^2yt-l + EUtYt.i -/\EUt_iyt_i = EytYt-i (79) 
By assumption u^ and u^_]_ are independent from the explanatory 
variables in equation 71 and 72 and hence E u^x^ = 0; and 
E ut_iXt = 0. From equation 7I it follows that; 
E Ut^t-l = ^  Eut^t-l + aAEutit-2 + ••• + ^ HH-1 = 
E^ t^ t-l (80) 
. + 2 "t-l^t-l = ^  2 Ut_l%t-1 + 3^2Ut_l%t-2 + 
EUt-l = Eu?.i (81) 
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Substituting the results from equations 80 and 81 into equa­
tion 79 gives: 
2 ' 
a E zt +AE yt-l^t + = E (82) 
a 2yt-l%t %t-l + 3utUt_i -J\Sut_i = E ytYt-l (83) 
Solving for \ it is apparent that A is a consistent estimate 
of \ if and only if 
^ ut^t-l Ut-1 (84) 
Koyck at this point introduces the hypothesis that the dis­
turbances u will be autocorrelated 
ut = P Ut-1 + ^ t (85) 
By assumption v^j. has zero mean and homogeneous variance. Also 
v^jj is uncorrelated with u^-i and there is no autocorrelation 
between the v^j.. Prom equation 85 it follows that 
G^t^t-l = P d^t-l (86) 
An expression for plim (a-a) and plim ( - ) is obtained by 
subtracting equations 82 and 83 from the equations that lead 
to 77 
plim (a-'a) • E x^ + plim (A-A) • E x^yt-i = 0 (87) 
plim (a-â) E x^y^_^ + plim (A-A) E (A-p) Eu^_^ (88) 
Hence only when p = A will there be consistent estimates of a 
and X' Since both p and A are unknown a priori a method has 
to be constructed by which for some value of p, a correspond­
ing estimate of A and a can be found. It can be shown that 
73 
o y p ^  1. From equation 85 
Eu^ = p^ Eut_2 + Ev^ + 2p Eut_i * (89) 
Since the residuals u have homogeneous variance and are inde­
pendent of the residuals v^ equation 89 transforms into; 
(l-p2) Gu^ = Ev^ (90) 
2 hence (1-p ) > o or p < 1. The lower limit of p equals zero 
which implies that autocorrelation is absent as would be true 
when time series components exhibited extreme short term 
periodicity. Let be defined as 
A 
Zt = Yt - a %t - ^^t-l (91) 
where therefore is the residual computed after fitting 
equation 76 by the least squares method. 
Koyck demonstrates that the system of equations 92 and 
93: ' I 
(a-a)2it + (A - A)2Zy^_2 " ^t = 0 (92) 
(-g&ty*.! + , (93) 
1 - p A + A (A -p ) 
is equivalent to the system of equations 87 and 88. The com­
putational procedure can then be summarized 
^ /I 
1) Compute z^, a and A on basis of equation 66 
yt = % xt +Ayt_i + [% - A 
2) Assume a number of values for o <* p < 1 and compute 
the corresponding estimates a and A from 92 and 93-
The Statistical Implications of Specification Errors 
The principle of least squares as applied to the analysis 
of economic time series has been the subject of considerable 
debate. Each of such contributions dealt with, one or more of 
the following problems. 
a. The general indeterminacy'of causality in economic 
relations and hence the impossibility of classifying 
the variables into dependent and independent classes. 
b. The fact that all economic observations are subject 
to error; a contrary assumption with respect to the 
independent variables will generally result in biased 
estimates of the parameters. 
c. Successive observations of economic time series tend 
to be strongly correlated and hence create the possi­
bility that almost linear relationships exist between 
the independent variables, and thereby make-the esti­
mation procedure almost indeterminate. Estimates of 
parameters obtained with multicollinearity among the 
independent variables tend to be unstable and will 
tend to have large standard errors relative to the 
estimated mean. ^ 
d. Economic observations tend to be determined within 
a framework of simultaneous relations, and hence the 
appropriate estimation procedure would start from the 
conditional joint probability distribution of the 
• endogenous variables. Only the parameters of just 
identified equations can be estimated by the least 
squares method and only then after the endogenous 
variables have been expressed in terms of the exo­
genous variables. In case of overidentification max­
imum likelihood estimates should be used. 
The following pages deal with yet another qualification 
of considerable importance in the analysis of economic time 
series. Theil (77) observed that economic relations generally 
cannot be exactly specified. This lack of specification con­
cerns Itself with variables which are thought to be relevant 
but have been omitted because of the impossibility of measur­
ing such variables reliably or variables which have been in­
cluded in the analysis but are known to be imperfect represen- . 
tations of the "true" variables. 
Suppose then that we have two specifications 
y = X^bi + u^ (94) 
y = Xgbg + Ug (95) 
Suppose further that equation 9^ is "true" in the sense that 
a) The disturbances of 9^ have zero mean, E(u-]_) = 0 
b) The disturbances of have a finite variance and 
are not autocorrelated, E(u^u^) = ^ I 
c) The variables composing are nonstochastic real 
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numbers. 
No specification of the disturbance vector (U2) is necessary 
for the applicability of the least squares principle, vie then 
obtain the vector of least squares regression coefficients. 
bg = Xgy (96) 
The sum of squares of the residuals obtained after fitting 
equation 95 is 
(y - ^2^2^^ (y ~ ^2^2) ~ y' ^ ~ ^2 ^^2^2^ ^2 y = 
I - X, x' (Xjb^ + Uj) (97) 
"2 \*2^ 2' 2^ 
Suppose that X2 is nonstochastic. The mean value of equation 
97 then becomes 
E I (y - (y - Xjbg) L2"2. 
(X^Xg)-! Xj 
- I (Xxt>x)^ I - Xc 
X^ b^  -li I I - Xg (X2%2)"^  %2 ^1 
The last term of equation 98 can be written as 
• ¥ 
(98) 
(99) 
where is the population variance of the disturbance vector 
(uj) and p the number of variables (dependent and independent) 
included in the regression estimates, it can be shown that 
(100) I - Xg (XgXg)"^ Xg 
and hence it follows that the residual variance of the incor­
rect specification 95 will generally be larger than the re­
sidual variance of the correct specification 9^. In that 
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sense a maximization of "the adjusted coefficient of deter­
mination will automatically lead to the "best specifi­
cation. If we assume the values composing X2 to be stochas­
tically distributed, no great difficulties are created. It 
was shown by Aitken that the least squares properties will 
still hold, provided that the same values be. drawn in repeated 
samplings. 
Combining equations 96 and 9^, we obtain equation 101 
-1 2^ ~ (^ 2^ 2) 2^^  (96) 
y = + U]_ (94) 
b2 = (XgXg)"^ Xg + uj (101) 
If now we let 
P = (XgXg)" XgXi (102) 
then it follows that P can be considered as the coefficient 
matrix of the least squares regressions of the correct ex­
planatory variables (Xj) on the erroneous ones (X^) i.e. 
Xi = X2 P + residuals (IO3) 
This result is of wide applicability in econometric analysis. 
Theil (76, 78) has demonstrated its significance in the aggre­
gation of linear microrelations to"linear macrorelations. A 
simple application is the following. Suppose that equations 
94 and 95 contain the same number of variables, both being 
fully equivalent except for one variable; i.e. the last column 
of X^ differs from the last column of Xg. This will often 
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happen if a variable is not directly observable and a substi­
tute has to be used. It can be showi that all regression co­
efficients are affected by the incorrect specification. The 
matrix P which is square in this case will now be a unit 
V. 
matrix except for its last column. Prom equation 101 we have 
E (b2) = S (XgXg)"^ XgXibi + (XgXg)"! XgUi (104) 
E (bg) = P bi (105) 
In the above special case the expected value of any particular 
regression coefficient (bg^) then equals 
^2i = ^li + kipbp (i = 1 ••• p) (106) 
Where (p) indicates the last column of X# and the are the 
coefficients of the auxiliary regression 
P-1 , 
Xp = > k^pX^ + kppXp + residual (10?) 
k—1 
Xp is the substitute variable for Xp. The difference 
^2i - ^li = kipbp (i = 1 ... p) (108) 
is called the specification bias of coefficient (bgi). It 
can be seen from 10? that the bgx will have no specification 
bias if their variables are all uncorrelated with the incor­
rectly specified variable Xp. Otherwise there is such a bias 
in general. Griliches (38) studied the implications of 
specification error for estimation procedures using dis­
tributed lags. Consider the following model 
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yt = + CYt-i + , (109) 
et = ^®t-l (110) 
where is nonstochastic and noncorrelated with either y^-l • 
or e^ the residual e^ follows a simple autoregressive scheme. 
The residual w^ has mean zero and finite variance. One should 
estimate 
Yt = + cYt-l + ret-1 + ^ t (HI) 
But assuming that no a priori information is known about the 
autocorrelation properties of the residual e^ we estimate 111 
as 
Yt = ^ t^ + °yt-i + ^ t (112) 
Then by Theil's method 
E (c) = c + r S (bet-iYt-l'Xt) (113) 
The auxiliary regression II3 is 
®t-l = t^t-lXt-yt-l * + ^ et.iYt-i'Xt * ^t-l (^4) 
Since E (e-t-i • x^ ) =0 and 
^ _ ^et_iyt_i - ^et-ixt ^xtYt-l 
et-lYt-l'Xt 2 
^ " ""yt-m 
Hence 
® = E (116) 
And this is approximately equal to 
80 
1 - yt-i=t 
(117) 
But can be written as 
CO C&C? 
Yt =5Z b c^ Xt-1 ^t-1 (118) 
1=0 1=0 
Also E (e • x) = 0 ; E (etet-l) = r^g" ^ . Hence 
I oo 2 
E (e^y^) =5Zr E (e^et-l) = ^ 21 (cr)^ (119) 
1=0 1=0 
but (cr)^ = ^/1 - r. Writing the probability limit of a 
1=0 
ratio as the ratio of two probability limits 
= —ifr7^ ) 
Hence 
^2 
E (c) = c + ^/1 - cr • (121) 
It then follows that our estimates of (c) in equation 111 will 
be biased. The extent of the bias can be calculated 120 and 
121. Griliches demonstrates that this bias will be positive 
I 
for positive autocorrelation in the e^ of equation 109. And 
that its magnitude is considerable relative to the expected 
value of the estimated parameter. 
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A more interesting case arises when a distributed lag is 
used because of initial autocorrelation in a model without a 
distributed lag. The true model is 
= bx^ + e^ (122) 
®t = ret-1 + ^ t (123) 
Xt is a nonstochastic variable and e^ and w^ are random vari­
ables with zero expectations and variances ($"^ and cr^(l - r^) 
respectively. However, on the basis of initial autocorrela­
tion in equation 122 we estimate 
Yt = ^^ t + Gft-l + ^ t (124) 
The "true" model is from equations 122 and 123 
Yt = + ret_i + wt (125) 
The specification error involved in equation 124- therefore 
relates to the substitution of y^.^ for e-^-l * The expected, 
value of c is given by the "true" coefficient of y^.^ which 
is zero, plus the coefficient of the omitted variable e^^j, 
which is r, times the coefficient of y^-i in the "auxiliary 
regression" of e^.i on x^ and y-t-i» i«e. the regression of the 
omitted variable on the included "independent" variables 
E (o) = r E (126) 
By assumption E (x^yt-i) = 0 ; E (e^.^x^) = 0 and 
Jt-l ^ 
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Hence 
E (c) = r • cr^/<5-^y = r (1 - yt=t (128) 
Hence, even though the true structural coefficient of y^-l is 
zero, as long as r > 0 and does not account for a very 
large fraction of the variation in y, we can possibly get 
large and often "significant" coefficients for the large 
dependent variable. As Grlllches states; 
Even though it is wrong, a distributed lag model 
may produce "reasonable" and "significant" coeffi­
cients, if there is serial correlation in the 
"true" disturbances and x does not account for 
a very large fraction of the variation in y. The 
use of distributed lag models would also lead to 
a reduction in the autocorrelation of the residu­
als, but evidently this is not a sufficient claim 
for its superiority in structural analysis. 
Theil then considers the case in which the Incorrect 
specification is entirely due to errors of observations in the 
explanatory variables. Hence let 
W being a matrix of errors. Let it be given that the errors 
are stochastic with zero mean, and that their simultaneous 
distribution is independent of the vector (u^). Applying the 
general result of equation 105 
Xg = + W (129) 
bz - Pb^ 
P = (X'X^ + W'X^ + W'vJ + (XjX^ + W'X^) = 
I + (XjXi + W*X]_)~^ (WW + Xiw|"l 
(130) 
(131) 
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By assumption E (W'X^) =0. We then replace the matrices 
(WX^) and (X^W) by their means 
p ^  [i + (x^ x^ )^ ! w'wj-1 (132) 
Expanding above expression and retaining the first term only 
I 
we obtain 
P 1 - (XjX^)"! WW (133) 
Hence we obtain for E (t^) according to equation 105 
bg = bi - [(X^ X^ )"! W'W_ b;^  (134) 
and hence the approximate specification bias equals 
(bg - b]_) 1 -(X'X-, )~^ W'W bi (135) 
Equation 135 should be considered to be a first order approxi­
mation only. The expansion I32 is possible only if the error 
moments are sufficiently small compared with the moments of 
the "true" explanatory variables. Theil makes the observation 
that if the above condition is not met, one should not enter­
tain any illusions about the quality of the estimates. Special 
results will be obtained if there are no current correlations 
between the errors of different variables. In that case (W'W) 
is a diagonal matrix and can conceivably be approximated by 
the variate difference method. If a similar assumption is 
supposed to hold for the systematic part of the variables 
(Xj^Ai)~^ will also be diagonal. And hence the product 
-1 (XjX^)"^ W'W = 0 (136) 
84 
1 
It then follows from equation 135 that 
(bg - b]_) ^ 0 (137) 
and hence the estimates (t^) are biased towards zero. Theil 
then observes that If (X^X^) Is not diagonal, as is normally 
to be expected, two effects occur. First the determinantal 
value of equation I36 is increased, so that the bias will in-
I 
crease. Since the matrix is no longer diagonal it will lead 
to relations between noncorrespondlng parameters. If the 
errors are correlated so that (WW) is no longer diagonal, 
then generally the value of the determinant of equation 136 
will be reduced;however, there will still exist relations be­
tween noncorrespondlng parameters of b^ and bg even if (X^X^) 
Is diagonal. 
Theil (79) considers the possibility of using a priori 
restrictions on the parameters to be estimated. Let It be 
given that these restrictions are of the linear type. . 
ab = r (138) 
When R and r are matrices of known numbers and b is the para­
meter vector of 
y = X • b + u (139) 
assume that S (u) = 0 ; S (u'u) =16^ and let (X) be non-
stochastic. Furthermore the rank of should not exceed the 
number of variables included in the regression. 
The obvious procedure is to apply the least squares prin­
ciple subject to the restrictions imposed by I38. We Intro-
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duce a vector of Lagrange multipliers, m, and minimize 
(y - Xb)^ (y - Xb) - m (fib - r) (l40) 
Minimization gives 
-2 X' y + 2 X* X bo - = 0 (l4l) 
We obtain an expression for m by premultiplying equation l4l 
by E (X'X)"^ . Substituting this back into equation l4l 
bo = b + (X'X)"1 R' (X'X)-l (r - H b) (142) 
b = ( X ' X ) - l  X' y (143) 
bg is the restricted least squares estimator. The result sug­
gests that the difference between b^ and b is a homogeneous 
linear combination of the degree to which the unrestricted 
least squares estimator fails to satisfy the a priori restric­
tions. The sampling error of the restricted least squares 
estimator is 
(bo - b) = - (X'X)"^ R* [ B (X'X)"1 H']~^ R* | (X*X)"^ X' u 
(144) 
It can be shown that the covariance matrix is 
E (bo - b)^ (bo - b)j = 
g-2 (X'X)-l I - R' [ R (X'X)-l R' R (X'X)"^' = 
V - V R' (R V R')-l RV (145) 
p -1 
where V = (S (X'X)"^ and can be considered as the covariance 
matrix of the unrestricted least squares estimator. The 
latter term of equation l45 is a positive semi-definite matrix. 
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The standard error of forecast In policy models 
Suppose we have a supply function which conforms to the 
general linear model 
Y = X Z + e (146) 
where e is a random vector such that E (e'e) = I • (5*^ and 
where X is a matrix of observations on the independent vari­
ables X. The independent variables are known without error. 
. 4L. 
Given such properties we can estimate the parameters in equa­
tion l46 with ordinary least squares. Such estimates have 
B.L.U.E. properties. We estimate 
Z = (X'X)"^ • X'Y = C • X'Y (14?) 
and 
$ 2 = i/n (Y - X z)• (Y - X z) (l48) 
Suppose now that we want to obtain a point estimate for Y 
given a set of values of X which are not normally a part of 
the original sample space. It can then be shown that 
= 6'^ [l + 1/n + x^ G Xc (149) 
2 
where S^. is the square of the standard error of forecast, and 
Xq the predicted values for the independent variables x. If 
G is the inverse on the adjusted variables (x - x) then the 
vector x^ does not include the intercept. If in addition we 
assume the random vector e to be normally distributed, then 
the t-distribution may be used to compute a (1 - a)^ confi­
dence interval on the point estimate as follows. 
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i 
Z'%o - "ta/2 * Sy ^ Z'Zg + • Sy = (1 - a) (150) 
A number of extensions suggest themselves. Suppose that in a 
policy model a dependent variable is transformed into an inde­
pendent variable. Such a situation might arise if price were 
taken to be the dependent variable in a supply function, but 
due to government price support programs the price variable 
ought to be considered independent for future prediction. We 
are interested then in obtaining an interval estimate for some 
X in equation l46 for a given y. Graybill (37) demonstrates 
that confidence limits on Xq may not exist or frequently will 
be too wide to be of any practical use. In this study prices 
have been taken to be the independent variables in the supply 
functions. The above situation of degeneracy therefore does 
not (arise. Demand functions at the retail level however were 
estimated with prices as independent variables. It might be 
argued that control of prices at the farm level must also be 
translated directly into control of prices at the retail 
level, and that therefore estimation should proceed uniformly 
with prices as independent variables. Apart from imperfec­
tions in the transmission of price effects from farm to retail 
level, it can also be argued that the supply of agricultural 
products is substantially predetermined. The predominance of 
this recursive element is the justification for taking prices 
at the retail level as dependent. Suppose now that we have 
the recursive relationships 
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yIt = % + + ^ t (151) 
y25 = + v^  (152) 
For a given we will be able to obtain the distribution of 
given the distribution for u^. But this implies that the 
distribution of y^ in equation 152 is known. Estimation of 
parameters in equation 152 is still possible, but now on a 
multivariate basis. Generally ordinary least squares are 
still applicable, provided the residual u^ has the requisite 
statistical properties. It follows that we also can obtain a 
standard error of forecast for y2, based upon E (y,| p). Im­
perfections in the estimation of equation 151 are directly 
transmitted into imperfections in the estimation of the 
S (y^/yi) and the standard error of forecast for y2. It is 
seen from the foregoing that prediction gives no unexpected 
difficulties in recursive systems. This does not hold true 
for systems of simultaneous equations. 
The standard error of elasticity coefficients 
It is of great importance to assess the reliability of 
estimated coefficients of elasticity. In logarithmic.formu­
lations the standard error of elasticity is given by the 
standard error of the regression coefficients. The confidence 
interval for an elasticity coefficient in the logarithmic 
formulation is Independent of the sample values assumed for 
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the independent variables. Suppose however that we have a 
supply function which conforms to the general linear model 
m 
ït = % +5Z + ut (153 
1=1 
It then follows that the elasticity coefficient for the inde­
pendent variable equals 
The elasticities in equation 1^4 are dependent on the values 
assumed for the independent variables. Commonly such vari­
ables are taken at their mean values; given sufficient vari­
ation in the independent variable this procedure is not 
realistic. In policy models our concern will frequently be 
with a small change in the current situation where the 
numerical characterization will but rarely correspond to mean 
values for all independent variables. Since the elasticity 
coefficients may vary a great deal along the curve, it is 
therefore necessary to evaluate them at those values for the 
independent variables that are relevant to the current situ­
ation. Failure to do so may result in a considerable error 
in predicted response in the dependent variable. 
I 
Traditionally the standard errors of the e^^^ in equation 
have been obtained by substituting for aj_ the quantities 
E(Y/%i ... Xjjj) 
(154) 
Î — 1 • • • III 
90 
*1 ± 8a, 1 = 1 ... m  (155) 
and for Y the conditional mean E (Y/x^ • • • . From a theo­
retical point of view above procedure, though capital exten­
sive, is not correct, since 
var (exi) = ^ 2 var ^ X — 1 • • • HI (156) 
Equation 156 represents the variance of a ratio, which is 
approximately equal to 
var - 2 (157) 
where N is the numerator of the ratio in equation 1^6 and D 
the corresponding denominator. It can be shown that the re­
gression coefficients a^ are normally distributed 
= N (&! ; Cj_j_ 6" ) (158) 
where is the ii-th element from the inverse matrix C, 
generated in estimating the aj_. It can also be shown that a 
predicted point estimate for Y is normally distributed as 
N E (Y/xi . • . Xjjj) ; S - (159) 
where S Ç is the square of the standard error of estimate 
G" 1 + /n + G o (160) 
Furthermore it can be shown that the standard error of fore­
cast in equation l60 and the regression coefficients a.^ in 
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equation 158 are Independently distributed, and hence their 
covarlance is zero. Applying equation 157 to equation 156 in 
terms of sample estimates we obtain 
var (e%.) = ^ 
and by equation 154 we obtain 
_2 „2. 
1 
(l6l) 
var (ex^) = e !& + fai 
y2 a^i 
(162) 
If the standard error of forecast is small relative to the 
predicted value of Y, then a lower estimate of the standard 
error of elasticity is obtained as 
V var e. 
'^ 1 
'ai (163) 
In the above expression the ratio Sg^/a^ is the inverse of 
the t-statistlc for regression coefficient a.^ and hence 
Sexj_ ~ ®Xj_ • (l64) 
Highly significant variables are characterized by high values 
for the corresponding t-statistic, and according to equation 
l64 by correspondingly low standard errors of elasticity. A 
more complete discussion on the distribution characteristics 
of a ratio estimate may be found in papers by Pieller (27) and 
Doll et al. (22). A discussion on the variance of the product 
of two variables may be found in Carter and Hartley (12). 
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A Sufficient Criterion for Regional Disaggregation 
Regional disaggregation of economic relationships usually 
proceeds from the following reasons: a) there is interest in 
estimates obtained for the regions themselves; b) it is 
I 
thought that forecasts made for disaggregated relationships, 
when aggregated in some fashion, provide a better predictor 
than estimates derived from the statistically estimated aggre­
gated relationship. Disaggregation permits the inclusion of 
variables which are specific to a subaggregate but not uni­
versal to the complex of subaggregates. Suppose now that we 
have the following set of general linear models, representing 
a set of supply functions which are regionally differentiated 
m 
^it = ^io +^^ij %ijt + ^it • (165) 
I 
i =1 ... k 
t — 1 ... n 
4 ""jt + "t (166) 
J-l 
t — 1 ... n 
In this particular case the identical set of variables appears 
in all relations, although their sample values may differ. 
From equation I65 we define an alternative supply function as 
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^iO + ^  ^ ®13 "i t (16?) 
1 1 1 J " 1 
1 = 1 ... k 
j — 1 • • • HI 
t— Ij 2 ••• n 
For purposes of forecasting future values of the dependent 
variable we can then choose between equation l66 and 
equation 16?. In general the estimates generated by equations 
166 and I67 will not be equal. It is therefore of some inter­
est to establish the criteria by which the quality of' the two 
forecasts may be ranked. One such criterion might be to estab­
lish the degree to which equations 166 and 167 "explain" the 
historical sample values of (^Ty^t)• Since equation I66 is 
estimated statistically we take the coefficient of multiple 
determination as a criterion. Prom equation 16? we generate 
another set of estimates for and calculate 
.-JL- 2 
Ç yito -
= a2* (168) 
it. it. 
JL 
t=l 
where the subscript o denotes actual sample observations on 
(^yj_|.) . Hence depending on 
(169) 
we can establish the merit of disaggregation for forecasting 
purposes, iieliability of the estimates obtained is another 
94 
criterion. Hence we develop a criterion in terms of the 
standard error of forecast. 
- 2^1 
Si.'. = g-2 
1 + /n + =lJo 
1 + + X'i C X: 
(170) 
(171) 
""o ''O 
Since a linear sum of normally distributed variables is itself 
normally distributed we obtain for the variance of conditional 
mean in equation 167 
k k k 
*S ^ • SJ 
-Fi 
A 
(172) 
Supposing now that the regional disturbances are independently 
distributed we obtain 
k 
= s' 
1=1 fi 
(173) 
Yi 
Hence the merit of disaggregation in terms of the standard 
error of forecast depends on 
Yi 
-k 2 
(174) 
There is an a priori expectation that the covariance term in 
equation 174 is positive. Hence a sufficient, but not neces­
sary condition, for the superiority of estimating the aggre­
gated relationship I66 is 
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k 
8 (175) 
i 
Assuming now that the inequality sign i's' invariant with 
respect to deviations from the sample means of the independent 
variables we must have 
Hence the sum square of the unexplained residuals in equation 
l66 must be less than or equal to the sum of the sum squares 
of the unexplained residuals in the relationships in 165» 
This condition can be more readily evaluated than condition 
169> and will be taken throughout as the criterion which may 
present sufficient incentive for disaggregation. 
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FACTOBS AFFECTING THE STEUCTUEE AND GROWTH 
OF THE EGG INDU8TEY 
Flock Size and Eggs Sold 
For the United States, in 195^1 6 percent of the larger 
poultry flocks accounted for 57*^ percent of all eggs sold, 
indicating the high degree of specialization in egg produc­
tion. There are, however, substantial differences between 
regions. The North Atlantic States are characterized by a 
high percentage of large flocks (33*5 percent) that account 
for approximately 90 percent of all eggs sold. The South Cen­
tral States on the other hand have few large flocks (1.3 per­
cent) but this relatively small number of flocks accounts for 
50 percent of all eggs sold in that region. The West North 
Central States have few very large flocks, 6.6 percent of the 
larger flocks account for 21.3 percent of eggs sold. Larger 
I 
flocks have a higher productivity per chicken than smaller 
flocks. If productivity were equal for different flock sizes, 
then 1 percent of the chickens in smaller flocks should 
account for 1 percent of all eggs sold. For the United 
States, 55«9 percent of all chickens are to be found in flocks 
smaller than 500 chickens, they account for only 42.6 percent 
of eggs sold. Home consumption of eggs tends to increase the 
difference in productivity arrived at on the basis of the 
foregoing comparison, but cannot reasonably be expected to 
Table 3» United States and regional percentage distribution of flock size, 
chickens on hand and eggs sold, 195^®^ 
East West 
North North North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Flock size 0 to 499 
chickens on hand 
Percentage of farms 66.5 93.5 93.4 94.2 98.7 91.9 94.0 
Percentage of chickens 12.6 71.3 75.4 49.9 78.1 36.1 55.9 
Percentage eggs sold 10.3 65.2 78.7 19.3 50.2 38.2 42.6 
Flock size 500 or more 
chickens on hand 
Percentage of farms 33.5 6.5 6.6 5.8 1.3 8.1 6.0 
Percentage of chickens 87.4 28.7 24.6 50.1 21.9 63.9 44.1 
Percentage of eggs sold 89.7 34.8 21.3 71.7 49.8 61.8 57.4 
aComputed from; U. S. Dept. of Agr., Agricultural Research Service, Egg and 
poul,try statistics through 1957* U. 8. Dept. Agr. Stat. Bui. 249. 1959* 
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take full account of such differences, fiegional productivity-
differences are quite substantial. For the South Central 
States 78.1 percent of all chickens are in the smaller flocks 
and they account for only 50.2 percent of eggs sold. A sim­
ilar situation exists for the South Atlantic States. For the 
West North Central States and Western States productivity is 
not so strongly related to flock size. The foregoing distri­
bution characteristics are important from an economic point of 
view. Their relationships to price responsiveness, however, 
are not clear cut. 
The development of large scale flocks did not gain momen­
tum until the late forties. The medium sized flocks continue 
to play an important role. Percentagewise they have increased 
in importance and in 195^ accounted for ^8.5 percent of all 
chickens on hand. 
Between 1950 and 195^ the number of farms reporting 
chickens on hand declined by 42.9 percent. The number of 
farms reporting less than 199 chickens on hand declined by 
1,911 thousand flocks, which is equivalent to a decrease of 
49.7 percent of the corresponding 1950 figure. The number of 
flocks in the 200 to 799 range increased by l40 thousand 
flocks, representing a 32.8 percent increase over the 1950 
figure. In absolute terms, but not percentagewise, the in­
crease of the fifties has been a very substantial strengthen­
ing of the number of flocks falling in the 400 to 799 layer 
99 
range. The available evidence indicates that farm flocks 
smaller than 50 chickens are rapidly disappearing. The impor­
tance of the number of chickens contained in these flocks must I 
be considered negligible in the future development of the 
poultry industry. 
Table 4 presents some selected measures of efficiency for 
poultry farms by economic class of farm. The farms included 
represent a mixture of broiler, egg and turkey enterprises, 
with eggs being the most important component. Mighell and 
Christensen (13) cite a number of studies which agree substan­
tially with the feed costs given in Table 4. Feed costs per 
layer are not much influenced by the rate of lay, due to the 
fact that maintenance requirements constitute approximately 5^ 
percent of the total energy requirements of a layer producing 
200 eggs per year. Similarly for broilers the optimum feed 
input is equivalent to a full-feeding ration under normal 
output-input price ratios. Economies of scale must therefore 
be sought in other directions. Generally improved flock man­
agement will result in an increased proportion of higher grade 
eggs, but this is not necessarily related to flock size. Care­
ful culling is a major factor in attaining a profitable enter­
prise, it reduces feed wastage and feed costs per dollar 
sales. This practice is not necessarily related to flock size, 
although available evidence indicates that owners of large 
scale flocks cull more often and carefully than owners of 
Table 4. Selected measures of efficiency for poultry farms, by economic 
class of farm, 195^^ 
Total Class 1 Class 2 Class 3 Class 4 
Gross sales per man 
equivalent 8,305 18,229 10,998 6,512 4,051 
Gross sales per thousand 
dollars invested 5^6 1,100 6^7 422 270 
Capital invested per 
hundred dollars gross sales 133 91 155 237 371 
Capital invested per 
man equivalent 15,199 16,571 17,010 15,410 15,047 
Expenditure on feed per 
hundred dollars gross sales 66 63 67 69 71 
^Source: U. S. Dept. of Agr., Agricultural Research Service, Census of 
Agriculture; 1954, Special Reports, Poultry producers and poultry production. 
Washington, D.C., 1956. 
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smaller flocks. Smaller flocks are normally a supplementary 
source of farm income and salvage a substantial amount of 
waste feed. This tends to make feed costs fairly uniform per 
dollar sales irrespective of the size of the enterprise. 
Gross sales per man equivalent and per hundred dollars invest­
ed in economic class 1 are almost a quadruple of the corre­
sponding measures in economic class 4. Capital invested per 
man equivalent differs little between economic classes. Cost 
economies therefore largely result from a diminished capital 
cost per unit of output. 
Table 5 presents a numerical summary of the revenue and 
cost conditions in the egg industry, by regions, for the 
period 1930 to I96O. For the United States revenue realized 
per layer, in current dollars, increased regularly until the 
early fifties, but declined rather sharply in the late 
fifties. Feed cost per layer increased until the late 
forties. Since then this component has shown little change. 
The gross profit margin during the fifties favored an expan­
sion in egg production. Regional disparity with respect to 
revenue realized per layer is quite apparent. The North 
Atlantic States have traditionally occupied the position of 
the highest revenue realized per layer. Both the West North 
Central States and South Central States have a comparatively 
low revenue per layer. Feed costs per layer do not vary as 
much as revenue per layer. Feed costs increase less than 
Table 5* A. Revenue per layer, B. Estimated feed cost per layer, and 
C. Relative gross profit margin per layer (current dollars), 
by regions, 1930 to 1960®" 
1931 to 
1935 
1936 to 
1940 
1941 to 
1945 
1946 to 
1950 
1951 to 
1955 
1956 to 
i960 
North Atlantic A 2.89 3.44 5.63 8 .00 8 .61 7.63 
States B .88 1.11 1.87 2 .95 2 .99 2.55 
C 3.32 3.14 3.05 2 .73 2 .89 2,99 
East North A 1.72 2.12 3.92 5 .61 6 .15 5.57 
Central B .72 .96 1.57 2 .53 2 .55 2.15 
States C 2.49 2.29 2.52 2 .22 2 .42 2.60 
West North A 1.47 1.65 3.50 4 .89 5 .68 4.77 
Central B .66 .88 1.39 2 .34 2 .33 1.87 
States C 2.30 1.94 2.59 2 .12 2 .44 2.55 
South A 1.78 2.16 3.58 5 .50 6 .87 7.14 
Atlantic B .82 1.02 1.68 2 .58 2 .42 2.50 
States C 2.20 2.15 2.18 2 .14 2 .96 2.86 
South A 1.27 1.61 3.46 4 .39 5 .31 5.50 
Central B 
.75 .92 1.49 - 2 .25 2 .41 2.04 
States C 1.75 1.78 2.43 1 .98 2 .21 2.69 
Western A 2.25 2.70 4.65 6 .81 7 .63 6.67 
States B .74 .95 1.48 2. 49 2 .84 2.39 
C 3.11 2.91 3.19 2 .74 2 .69 2.79 
United States A 1.74 2.34 3.88 5 .71 6 .49 6.05 
B .72 .95 1.48 2 .46 2 .53 2.34 
C 2.51 2.32 2.65 2 .34 2 .58 2.86 
- revenue per layer, in current dollars, includes eggs sold and value of 
chickens sold; B - estimated feed cost per layer in current dollars; C - relative 
profit margin per layer; C = A • B. 
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proportionately with the rate of lay per layer, and hence the 
South Central States, which have traditionally had compara­
tively low production per layer, have a relatively high feed 
cost per 100 eggs produced. Also the weight and type of 
chicken produced differs among regions. The average weight of 
the chicken in the North Atlantic and South Atlantic States is 
substantially less than in the West North Central and South 
Central States. Much of the poultry feed fed is of commer­
cial origin, the processing and distribution margin is con­
siderable and obscures the regional price advantages which 
exist with respect to the primary ingredients of the commer­
cial feed. To the extent that increasingly commercial feeds 
are fed in the egg industry, and to the extent that produc­
tivity per layer tends to approximate a common upper limit we 
should expect differences in feed costs per layer between 
regions to narrow. Table 5 confirms that this trend is al­
ready discernible. Regional price advantages for eggs sold 
tend to be more persistent, because of high marketing costs of 
eggs and the concentration of consumption in the Atlantic and 
Pacific States. The relative competitive position of the 
regions will not be changed in the near future, although the 
absolute cost advantages between regions will tend to decline. 
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Variability In production and prices 
Table 6 summarizes the year to year variability in egg , 
production and prices. For the United States, the average 
year to year change in price was 14.9 percent. This vari­
ability was somewhat lower in the postwar period than in the 
period 1930 to 1945» Production, as expected, fluctuates by 
only a fraction of the fluctuation in price. For the United 
States, for the period 1930 to 1959» a 1 percent change in 
production was generally associated with a 4.03 percent fluc­
tuation in price. This cannot be interpreted to be an elas­
ticity coefficient, since the variability is due to many fac­
tors, whereas the concept of elasticity is defined with 
ceteris paribus conditions for all variables but one. The 
West North Central States, for the period 1946 to 1959f show 
a low variability in production, but a proportionately very 
high fluctuation in prices. The latter is due in part to the 
position of the West North Central States as a net exporter 
of eggs, which leads to a relatively inelastic demand for eggs 
produced in this region. The North Atlantic States show rela­
tively large fluctuations in production, but proportionately 
low fluctuations in prices received. The differences in fluc­
tuation in prices between regions have become smaller in the 
postwar years. This is due in part to a decrease in variabil-
I 
Ity in production for all regions since the second world war. 
Table 6. Average yearly percentage change in production and price of eggs, by 
regions, by periods* 
North 
Atlantic 
States 
East 
North 
Central 
States 
West 
North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States 
United 
States 
1930 to 1945 A 5.9 3.0 7.4 3.9 5.9 ^ 7.3 4.5 
B 12.7 16.8 19.6 14.7 18.9 15.1 16.7 
C 2.15 5.60 2.65 3.76 3.20 2.07 3.71 
1946 to 1959 A 5.7 3.2 1.9 4.5 4.1 5.1 2.9 
B 11.6 12.9 11.6 11.0 11.7 11.5 13.0 
C 2.04 4.03 6.11 2.44 2.85 2.25 4.48 
1930 to 1959 A 5:8 3.1 4.8 4.2 5.0 6.2 3.7 
B 12.1 14.9 16.6 12.9 15.3 13.3 14.9 
C 2.09 4.80 3.46 3.07 3.06 2.15 4.03 
&A - average yearly percentage change in production: (Q^ - Qt-l) * Qt-i » 
B - average yearly percentage change in price per dozen eggs: (P-t " ft-l) * ^ t-1 * 
C - average percentage change in price associated with a 1 percent change in 
production. 
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Table 7 summarizes the seasonal variation in the number 
of layers on hand and the variation in the annual average 
number of layers on hand for the period 19^5 to 1959. It is 
apparent that the within year variation is substantially 
greater than the between year variation. During the period 
1945 to 1959f the seasonal pattern of fluctuation has become 
less pronounced for all regions. Increasing commercialization 
with the necessity of maintaining full capacity, increased 
rates of lay, and the disappearance of small farm flocks are 
some of the obvious economic causes behind this phenomenon. 
Particularly in the Western States the pattern of seasonality 
is rapidly disappearing. Seasonality patterns may be thought 
of as the product of autonomous seasonal changes and changes 
induced thorough economic conditions particular to that year. 
1 
If the latter component is dominant, one could reasonably ex­
pect that an inter-dependency between the egg-feed price ratio 
and the number of layers on hand would exist, and this of 
course would call for the appropriate technique of estimation. 
One approach would be to use a quarterly model, where the eco­
nomic relationships are thought to be recursive on a quarterly 
basis. Alternatively the unit period of analysis might be 
taken as a year, but ordinary least squares would not appear 
to be the proper tool of analysis. To the extent that the 
dominant component in the seasonal pattern is thought to be 
i 
autonomous, or at least not immediately responsive to the 
Table ?• The seasonal variation in the number of layers on hand and the 
variation in the annual average number of layers on hand, by 
regions, 19^5 to 1959^ 
North 
Atlantic 
States 
East 
North 
Central 
States 
West 
North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States 
1945 to 1949 A 34.9 34.0 37.0 23.6 26.5 26.4 
B 6.0 2.3 3.7 2.7 4.4 3.7 
1950 to 1954 A 29.5 30.9 33.4 23.4 24.4 24.9 
B 6.2 4.8 5.3 3.1 7.8 5.2 
1955 to 1959 A 15.6 20.6 24.9 15.6 16.4 9.3 
B 3.4 3.8 3.2 5.6 3.1 2.2 
®A - calculated as the difference between the month with the highest 
number of layers minus the corresponding minimum for that year, expressed as 
a percentage of the annual average number-of layers; B - calculated a& the 
annual average number of layers in year (t) minus the corresponding annual 
average for year (t + 1), expressed as a percentage of the annual average in 
year (t). 
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particular economic circumstances for that year, the statis­
tical analysis could proceed with taking the year as the unit 
period of analysis and predict the seasonal pattern separate­
ly. It was observed previously that under widely varying 
product-factor price ratios the optimal ration will call for 
full-feeding. The number of eggs per layer within a year is 
not very sensitive to prices therefore. However, the rate of 
lay is influenced by average flock productivity, which is con­
trolled by the rate of culling. If farmers do not cull sys­
tematically on an economic basis, then the seasonal pattern of 
flock productivity will be largely autonomous. In this study 
we have proceeded on the latter assumption, although Table 7 
would suggest that this approach will become less justifiable 
in future years. 
The Egg-Feed Price Hatio 
Accurate information on inputs used in the poultry indus­
try is not available. Such a lack of information effectively 
delimits the domain of meaningful structural analysis. The 
United States Department of Agriculture publishes two feed-egg 
ratios. The first, calculated on a weekly basis and consider­
ing prices of eggs and feeds at Chicago only, registers short 
term movements obscured in a monthly indez. Hence, we would 
expect only an imperfect and inexact conformity between the 
former ratio and producer response in a particular region. 
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The statistical error so arising should be eliminated in the 
method of analysis selected. The second published on a month­
ly basis is a feed-egg ratio derived from the estimated farm 
prices of eggs and feed on the 15th of each month. The ration 
I 
is based on 60 pound,s of corn, 14- pounds of wheat, 8 pounds 
of oats, 2 pounds of barley, 9 pounds of bran and 5 pounds of 
tankage. This is not a recommended ration but is used to re­
flect average conditions for the United States. Regional 
estimates are not computed. Since this study is a regional 
analysis with the poultry ration cost considered to be one of 
the key variables in the structural analysis, it is necessary 
to consider whether the U.S.D.A. feed-egg ratio is appropriate. 
Feed inputs per layer are not available on a regional basis. 
However Jennings* study (48) provides a basis from which we 
can judge whether the rations used in various regions are sub­
stantially homogeneous. Jennings provided a detailed classi­
fication of feeds fed into formula feeds and non-formula feeds. 
For the United States the composition of formula feeds (mash 
and scratch grains) was as follows: 1) 32.8 percent corn, 
2) 14.7 percent barley, oats and sorghum, 3) 7«6 percent wheat 
and rye, 4) 4-.5 percent animal proteins, 5) 40.4 percent other 
feeds. A variety of feeds goes into the making of a poultry 
ration. The "other" category includes soybean meal and mill 
feeds. Each of the latter is percentagewise as important as 
barley, oats and sorghum taken together. However, soybean 
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meal cannot be fed to poultry in an unprocessed form. This 
also holds true for mill feeds. It seems therefore appro­
priate to take manufactured prices for that category rather 
than farm prices. Retail prices of poultry concentrates fed 
are available for the period 194^-1960. The distribution mar­
gin on processed feed is quite considerable, often more than 
I ' 
100 percent. The percentage of formula feed fed differs con­
siderably between regions. For the North Atlantic region 87.8 
percent of all poultry feed fed was formula feed, the corre­
sponding figure for the West North Central States was 19-7 
percent. The percentage of formula feeds fed increases with 
1 
the degree of commercialization, the difference in price be­
tween homegrown feeds and purchased feeds, the availability 
of homegrown feeds and the difference in nutritional quality 
between purchased feeds and homegrown feeds. The poultry 
ration cost is a very sensitive economic indicator of changing 
feed prices in areas with a high percentage of commercial 
feeds fed. Since large regional differences exist in the type 
of feed fed to poultry, it was decided to construct an egg-
feed price ratio for each region. Jennings' 19^9 study was 
taken as a bench mark. The year 19^9 was a representative 
year with respect to relative prices of feed grains. Primary 
components in a poultry ration are readily substituted for 
each other. Small changes in the relative prices of feed 
grains may then induce substantial changes in the composition 
Ill 
of the ration. A fixed weight index, in terms of ration com­
ponent's, will therefore overstate the cost of the poultry 
ration. Since 19^9 no new components have been added to the 
poultry ration. Soybeans is a primary feed which has gained 
importance in formula feeds, due to improved processing tech­
niques. Evidence suggests that it is not a major component of 
the poultry ration. The mark-up and distribution costs of 
processed feeds are quite high. However, only fragmentary 
information exists on the pricing structure in the feed indus­
try. Given considerable storage stocks and inflexible margins 
it is to be expected that farm prices of feed grains fluctuate 
somewhat more than the prices of formula feeds. In regions 
with a high percentage of formula feeds fed, the constructed 
poultry feed cost will overstate the annual variability in 
cost. There is evidence that the annual fluctuation in feed 
cost in such regions is less than in regions where a major 
proportion of feeds fed are home grown, particularly when we 
compare the West North Central States and the North Atlantic 
States. Geographical differences in the cost of the poultry 
ration are quite substantial on account of transportation 
costs. For the foregoing reasons it was decided to construct 
a poultry ration costs by months and by regions, based on farm 
prices received. Table 8 presents the weights underlying the 
construction of these regional indices. Corn is a very impor­
tant part of the poultry ration in all regions. For the 
Table 8. Composition of poultry ration per hundred pounds, by regions^ 
North 
Atlantic 
States 
East 
North 
Central 
States 
West 
North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States 
United 
States 
Corn (lbs.) 38.62 53.64 51.62 45.30 66.78 34.47 47.66 
Oats (lbs.) 15-39 15.88 25.23 13.92 11.72 17.21 18.11 
Wheat (lbs.) 10.36 12.65 8.86 9.09 5.37 17.10 10.42 
TanJcage ( lbs. ) 3.51 2.36 1.65 3.06 1.46 3.19 2.48 
Bran (lbs.) 32.12 15.47 12.63 28.63 14.67 28.03 21.33 
^•Source: (48, p. 25) * 
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United States approximately 50 percent of the poultry ration 
consists of corn. The poultry ration in the Western States 
contains more wheat than other regions. The West North Cen­
tral States ration contains a high proportion of oats. Bran 
is an important component in those areas which do not import 
feed and have a high degree of commercialization in poultry 
production. The composition of the regional rations approxi­
mately reflects the cost advantages which exist with respect 
to the various feed grains. To the extent that these compo­
nents are close substitutes relative price changes in feed 
grains may cause large shifts in the composition of these 
rations. No empirical evidence on this matter is available. 
The development of the major product-feed price ratios 
in the poultry industry for the period 1930 to I960 
Table 9 presents the quinquennial weighted averages of 
the egg-feed price ratio, the turkey-feed price ratio, and the 
broiler-feed price ratio, by regions, for the period 1931 to 
i960. The egg-feed ratio is computed by dividing the price 
received by farmers for eggs sold, in current cents per dozen, 
by the cost of the poultry ration, in current dollars per 
hundred pounds. A similar procedure is followed to arrive at 
the turkey-feed ratio and the broiler-feed ratio. The quin­
quennial averages correspond approximately with periods of 
dramatic economic change, such as the general economic depres-
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Table % 
1931 to 1535 : 1936 to # IJltl to 19^6 to 19^0 1951 to 19® 1956 to I960 
F  B  T  A B C  A B C  A B C  A  B  C  ,  A  B  C 
north Atlantic 
States 
East Irth ' 
Central States 
West lorth 
Central States 
South Atlantic 
States 
'South Central 
States 
Western States 
United States 
25.08 21,21 
16.A 16,lit 
16,66 17,76 
15,12 11,75 
.78 8,71 
17.1i9 l6.51i 
18.07 16.63 
18.76 17,61 Ht,06 19,27 16.72 12.90 • 16.87 15,86 10,56 17,13 12.71) 8,82 16,57 12.06 7.86 
15.65 15.Oit l5.81t 16.65 15.58 15.36 13.71 13.72 11.85 llt.li3 12.02 10.36 13,85 10,71 8,66 
lit,11 l|.0l( ]1(.97 16,29 I5.7lt 16.1(2 13.51 lit,21 12.31 13.7lt U.97 10.56 13.12 11.52 ^.03 
llt.39 13.51t 13.ltl 15.08 llt,09 11,91 13.73 12.97 9.92 16.72 11.75 8.35 18,09 10,43 8,36 
13,02 9.53 13.56 lit.71 13.52 13.92 • 12.48 11.39 11.04 13.80 10,09 9,53 14.69 9,95 7.91 
15',91 13.32 13.77 17.75 14.68 14.07 15.66 12,28 11.91 15.26 9.57 9.70 13.73 9.09 '8.33 
15.67 13.67 15.17 17.38 15.32 14.69 14.59 13.40 11.72 15.19 11.31 9.74 16.43 10.69 8.38 
Bi 
Cî broiler-feed price ratio. 
I 
115 
sion of the early thirties, the second world war and the early 
fifties. We observe that-for the United States the egg-feed 
ratio has not been subject to a secular decline, which indi­
cates that feed prices must hare changed proportionately with 
changes in the farm price of,eggs. The critical break-even 
ratio, if it can be conceptualized for an industry as diverse 
as ,the egg enterprise, is approximately 14. With increased 
productivity this ratio will be lower. We observe that for 
the period 1946 to 1950 the egg-feed ratio was adverse to 
expansion of production. This five year period marked a 
period of adjustment in the egg industry, since then supply 
has matched demand without a substantial deterioration in the 
egg-feed ratio. The North Atlantic States are historically 
the most favored region with respect to the egg-feed ratio. 
This statistic tends to be more narrowly dispersed around the 
national average for all regions in the period 1950 to 1959» 
A declining egg-feed ratio will still be compatible with a 
profitable egg enterprise given substantial increases in layer 
productivity. A major factor in increasing productivity per 
layer has been the disappearance of a large number of small 
flocks. Given the relative constancy of the egg-feed ratio 
for the period 1930 to i960, we may conclude that the industry 
has shown sufficiently rapid adjustment so as to leave reason­
able profit conditions for the remaining firms in the indus­
try. 
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A completely dissimilar historical development took place 
for both the turkey and broiler enterprise. The broiler-feed 
ratio declined by approximately 45 percent over the period 
1936 to i960 for the United States. All regions shared in 
this decline. This decline was largely generated by declin­
ing prices for broilers, rather than rising feed costs. Pro­
ductivity gains in the broiler industry, however, have been 
spectacular so that until the late fifties profitability con­
ditions were not seriously impaired. In recent years the 
expansion of the broiler industry has reached an upper limit 
in terms of the number of producers in the industry, and an 
attrition in the number of producers has begun. The concen­
tration of production will continue. Since many of the pro­
ducers operate under contractual agreements the outward mobil-
1 
ity of producers will continue to be high, and we would expect 
that the broiler-feed ratio will become stabilized somewhere 
in the late sixties, due to the outflux of marginal.producers. 
The turkey industry has a historical development similar 
to that of the broiler industry. The turkey-feed ratio has 
shown a persistent decline ever since the early thirties. 
Productivity gains in the turkey industry have been impres­
sive. Here too we find a concentration of production in terms 
of a smaller number of producers in the industry. Regional 
advantages in broiler production with respect to the broiler-
feed ratio are small, with the West North Central States being 
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in the most favored position. Production technology in 
broiler production is similar between regions. It is a spe­
cialized enterprise and regional differences in managerial 
ability tend to be small. It is also a relatively young en­
terprise favoring constant innovations in terms of improved 
breeds of broilers and improved poultry rations. Since this 
enterprise is specialized and of recent origin, we do not find 
the wide diversity of production techniques commonly found in 
the traditional livestock enterprises. The South Central 
States continue to be of growing importance in broiler produc­
tion, yet no immediate justification of this is apparent in 
terms of the regional broiler feed ratio. In contrast, the 
West North Central States with a favorable broiler-feed ratio 
are of minor importance in broiler production. In turkey pro­
duction the West North Central States do not occupy the most 
favored position in terms of prices received and prices paid, 
yet this region and the Western States provide the larger 
share of turkeys produced in this country. The North Atlantic 
States with a very favorable turkey-feed ratio produce very 
little of this commodity. Our conclusion must be that while 
relative prices play a role in the location of production, 
they cannot adequately explain the existing regional patterns 
of production. 
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Technological Progress in the Poultry Industry 
Table 10 presents in summary form the main effects of 
technological progress on the three poultry enterprises for 
the period 1931 to i960. Concentrates fed per 100 pounds 
Table 10. Concentrates fed per unit of output for some 
poultry enterprises. United States, 1931 to i960 
Broilers Turkeys Layers Farm chickens 
Per 
100 lbs. 
liveweight 
Per 
100 lbs. 
liveweight 
Per 
100 eggs 
produced 
Per 
100 lbs. 
liveweight 
1931 to 1935 514 752 61 490 
1936 to 1940 470 683 57 474 
1941 to 1945 407 580 61 521 
1946 to 1950 359 523 59 546 
1951 to 1955 301 466 56 536 
1956 to i960 261 442 52 522 
^•Source; (83, p. 256). 
liveweight in broiler production decreased from 51^ pounds to 
261 pound's in a period of three decades. Concentrates fed per 
100 pounds liveweight in turkey production declined from 752 
pounds to 442 pounds over that same period. It would appear 
that this trend will continue into the next decade, but likely 
at a decelerated rate. Increases in feeding efficiency in egg 
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production have been substantially smaller than those expe­
rienced in the broiler and turkey industry; this is chiefly 
due to the high maintenance requirements per layer. Increased 
production does not result in proportionate gains in feeding 
efficiency. Furthermore, evidence indicates that commercial­
ization tends to increase the mortality rate somewhat, al­
though this can be partially offset through improved sanitary 
1 
controls. Concentrates fed per farm chicken have shown no 
improvement in feeding efficiency. Since a larger"proportion 
of farm chickens are not exclusively used for laying purposes, 
such a development is not surprising. Layers attain a higher 
liveweight than broilers, and are kept for an average period 
of 9 to 11 months after pullet age, whereas in broiler produc­
tion the chicken is marketed within a 3 to 4 month period. 
Both biological and mechanical innovations have con­
tributed to the spectacular gain in feeding efficiency. Im­
proved formula feeds were an important factor. The addition 
of antibiotics to the poultry ration substantially improved 
feeding efficiency. Broilers are specially bred for early 
maturity and rapid growth. Average gains per 100 pounds of 
feeds fed will therefore increase considerably. Broilers and 
fryers tend to be marketed at a lighter weight, which again 
contributes to feeding efficiency. Environmental conditions, 
mainly mechanical innovations, have also played an important 
role. Artificial lighting tends to stimulate the metabolism 
I 
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of the chicken and hence contributes to rapid growth. The 
main impact of mechanical innovations has been on labor and 
capital productivity. There is a high substitutability be­
tween labor and capital in the specialized poultry enter­
prises, and much of the rapid expansion in specialization is 
due to this factor. Currently the profit margin per unit of 
poultry sales is quite small; a sufficiently large scale of 
operation becomes a prerequisite for obtaining a satisfactory 
return on labor and management services. Since the index of 
technology reflects an industry average, it takes into account 
the rapid disappearance of marginal producers. Feed costs per 
I 
unit of output, however, do not vary substantially with flock 
size, when expressed in terms of feed costs per dollar sales. 
Since many smaller firms tend to use cheaper and lower quality 
homegrown feeds, the economies of scale in physical terms are 
greater than the corresponding concepts in terms of expendi­
ture on feed inputs per unit of output. Nevertheless the 
disappearance of small producers has contributed to increased 
efficiency of feed conversion in the poultry industry. It is 
virtually impossible to assess the importance of the enumer­
ated factors separately. Expansion on a large commercial 
scale in turkey production was not possible until the control 
of the black head disease in the early forties. The National 
Poultry Improvement Plan provided for a systematic introduc­
tion of improved genetic material and closely controlled flock 
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management through systematic record keepirig. Other institu­
tional factors, originating in the industrial sector, have 
greatly aided the expansion and commercialization of the 
poultry industry through the provision of credit and super­
vised management. This type of cooperation between indus­
trial and agricultural enterprises has been particularly 
fruitful in the South Atlantic States and the South Central 
States. They indeed may account for the compensation of the 
economic disadvantages of these regions relative to the major 
feed exporting areas and poultry product importing areas. 
Contract growing is well established in both the turkey and 
broiler enterprises, but has made little progress in egg pro­
duction. It would be very desirable to assess the relative 
importance of the various mechanical, biological, and insti­
tutional innovations so that their societal benefits could be 
established and serve as allocation criteria'for publicly sup­
ported research. The wide scale participation of the feed 
industry in this area is indicative that the benefits must be 
considerable. Most of the benefits of innovations are ulti­
mately passed on to the consumer. The distribution of bene­
fits between innovators within the poultry industry merits 
further study. 
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SUPPIZ EELATIONSHIPS IN EGG PRODUCTION 
The Supply Response in Egg Production 
for the United States 
The foregoing chapter has dealt at length with the vari­
ous determinants underlying the production of poultry prod­
ucts, but no attempt was made to assess the relative import­
ance of the underlying variables. For purposes of prediction 
or policy making the relative importance of the components 
must be assessed. A statistical analysis of the poultry 
enterprise logically starts with the identification of the 
variables involved. Given behavioristic assumptions, we 
derive the relationships which must hold between these vari­
ables. On an a priori basis the researcher has a great deal 
of freedom in the conceptualization of his model, and there­
fore In the nature of the relationships postulated. Such 
relationships, however, must be ascertainable in quantitative 
fashion. Hence, both available estimation techniques and data 
limitations restrict the number of models that are testable. 
Given a competitive industry, the ideal approach would start 
with ascertaining the structure of the individual firms and 
aggregate these in some fashion into an industry aggregate. 
Presumably then the production possibilities for the indi­
vidual firm would constitute the point of departure in the 
analysis. This is the approach taken in Chapter 2 in this 
123 
study. Such an approach imposes an inordinate demand on data 
availability. We therefore pay no attention to the hetero­
geneity in the distribution and productivity of resources 
within the industry. The distribution and productivity of 
resources changes over time, yet traditional supply response 
analysis is based upon the premise that the industry structure 
remains constant over time. The inclusion of an index of 
technological progress is only a partial remedy in taking 
account of structural change, and the empirical investigation 
of supply response cannot be fully reconciled with the theo­
retical framework developed in Chapter 2. 
I 
In the analysis of supply response, one can make a gen­
eral classification of the independent variables in terms of 
price effects, inventory and resource effects and autonomous 
effects. The price effects contain two subcategories, i.e., ' 
the own-price effects and the competitive price effects. Each 
of such effects must be characterized by a price variable which 
may be of an anticipated, current or lagged nature. If the 
analysis proceeds on a quarterly basis rather than an annual 
basis, such variables must be identified with specific periods 
within the year. There is no general consensus concerning 
farmers' behavior in terms of expectations. Studies have been 
undertaken to discover how farmers do formulate expectations 
(71) and how they ought to formulate expectations (19)• It is 
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evident that a normative framework will yield more specific 
answers on this matter than a positivistically oriented in­
quiry. The common use of Nerlove expectational models (69)  
underlies the basic assumption that agricultural producers 
relate future prices to a weighted average of past prices. 
When a statistical relationship is estimated on the basis of 
the foregoing premise, the actual observations on supply re­
sponse seem to justify the use of such models. However, the 
data are explained equally well by a model which is built on 
the premise that farmers allocate scarce resources in terms of 
current prices, but that due to short-run inflexibilities a 
lagged adjustment in production exists. It would appear that 
I 
no simple expectational process exists for the individual 
producer, and even less so for the industry. In supply re­
sponse one would expect the simultaneous occurrence of all 
three possibilities, but their relative importance differs 
with the enterprise considered. In cattle feeding one would 
expect the farmer to think in terms of a forward marketing 
price and a current purchasing price. The cattle feeding 
business is quite flexible, and the occurrence of lagged re­
sponse should be negligible. In egg production and hog pro­
duction one can reasonably expect a predominance of the lagged 
price effect, since both enterprises have strong seasonality 
in production. In the case of milk production and broiler 
production, both the current effect and lagged effect are 
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present. Frequently the ovm-price effect will have a similar 
sign as the competitive price effects. In terms of a static 
framework of production possibilities, this is clearly un­
acceptable and contradictory with short run profit maximiza­
tion. Aside from the aggregation bias and other numerous 
limitations of time series analysis, it must be pointed out 
that the assumption of a given set of production possibilities 
is not even approximately true in actual applications. Agri­
culture's capacity to produce has expanded in all enterprises. 
I / 
Depending on the magnitude of this "capacity" effect the com­
petitive effect may be unobservable. Agricultural enterprises 
may be supplementary. In this situation no competition for 
resources exists and an increase in the price for hogs may be 
associated with an increase in the production of eggs. 
Inventory and resource effects often must be included in 
the study of supply response to attain a satisfactory explana­
tory relationship. The inventory effect.has two components, 
the own-inventory effect and the competitive inventory effect. 
In the study of beef production the inventory of hogs makes a 
competitive demand upon resources which would otherwise be 
available for beef production. Similarly the supply of forage 
can be disposed of through either the beef enterprise or the 
dairy enterprise. Many economists have included feed grain 
supplies for the above reasons. The inclusion of inventory 
components in supply response models is generally practiced. 
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but few studies formulate multi-step models which would make 
the estimation of inventory components an integral part of the 
model. For long run projections, particularly inventory ef­
fects cannot be considered to be predetermined. In this study 
we have estimated such inventory components for both hogs and 
cattle. 
Autonomous effects include a plethora of factors which 
change the underlying structure of production. In poultry 
production we should consider the incidence of improved breed­
ing, feeding and disease control under such effects. Such 
effects are considered to be autonomous because no immediate 
relationship connects such phenomena with possible observa­
tions on prices and production. They are in the nature of 
irreversible improvements induced by economic circumstances, 
but without the possibility of exact continuity of relation-
I 
ships one wishes to attain in a quantitatively oriented study. 
In analyzing the supply response in egg production, it 
would appear to us that the following interdependencies are of 
major importance. Total egg production can be conceptualized 
as the product of two components, the number of layers on hand 
and the output per layer. The output per layer has no imme­
diate responsiveness to prices received or prices paid since 
with historical egg-feed ratios it will always be profitable 
to maintain full-feeding. The degree of specialization of the 
producer however affects output per layer; the larger flocks 
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also have the highest output per layer. The difference in 
quality of ffeed fed accounts at least partially for the rela­
tively low productivity of chickens fed on home grown feed or 
salvaged feed. The genetic quality of the laying flock, 
disease control and rigorous culling practices obviously raise 
flock productivity substantially. 
The number of layers can be conceived to be the resultant 
of the number of producers in the industry and the size dis­
tribution of flocks. The rapid disappearance of small flocks 
and the increase in the larger flocks have greatly contributed 
to the increasing/number of eggs per layer. On an industry 
basis, the number of producers has been declining in recent 
years, with a concomitant concentration of production. 
Specialization does not increase price responsiveness because 
of the incidence of high fixed costs and the necessity for 
maintaining full capacity. The number of layers on hand is 
related to the profitability per layer. The profitability per 
layer is determined by the revenue-cost relationships per 
layer. Large regional differences exist in this respect. 
Marketing costs are relatively high for export areas, but they 
are a stable component from year to year. Short run variation 
in production therefore cannot be attributed to marketing 
costs. Total production of eggs is disposed of through con­
sumption, exports and hatching. Except for the period 19^0 
to 19^5, exports of eggs have been of minor importance. Eggs 
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used for hatching are also a relatively small component of egg 
disposition, although with the growing importance of the 
broiler enterprise this source of demand has been of growing 
importance. It follows from the foregoing that the majority 
of eggs produced are for domestic private consumption, govern­
ment demand for eggs being quite limited. Approximately 80 
percent of all eggs produced are marketed as fresh eggs, but 
a not Insignificant proportion is demanded for industrially 
produced goods. 
Egg production is not very competitive with other poultry 
enterprises. Both the broiler and turkey enterprises are 
specialized by regions and by producers. No significant 
interaction between egg production and such enterprises was 
found in areas of specialization in either enterprise. Egg 
production is not very competitive with other livestock enter­
prises on most farms. In statistical analysis a supplementary 
relationship prevails between egg production and livestock 
production. Due to the seasonality in production it would 
appear reasonable to expect the existence of recursive rela­
tionships in supply response. Patterns of seasonality have 
evened out in recent years and a degree of Interdependence be­
tween prices received and layer acquisition throughout the 
year should be considered possible however. 
For purposes of statistical analysis we have Included the 
following variables: 
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X-j^ Average number of layers on hand, year 5» in 
thousands. 
X2 Total annual egg production, year t, in millions 
of eggs. 
X, Price received by farmers per dozen of eggs sold, 
^ year t, in current cents per dozen of eggs. 
Xj^ Price received by farmers for farm chickens sold, 
year t, in current cents per pound liveweight. 
X^ Hog-corn ratio, year t-1; price received by farmers 
for hogs, in dollars per hundred pounds liveweight, 
divided by prices received per bushel of corn (in 
dollars). 
X5 Beef-corn ratio, year t-1; price received by farmers 
for all beef cattle, in dollars per hundred pounds 
liveweight, divided by prices received per bushel 
of com (in dollars). 
X» Time 1930 =1 19^5 = 15; 1946 =0 
^ i960 = 0. 
Xq Time 1930 =0 19^ 5 = 0; 1946 =1 
i960 = 15. 
Xq Price received by farmers per dozen of eggs sold, 
year t-1, in current cents per dozen of eggs. 
X^o Price received by farmers per dozen of eggs sold, 
year t-1, in current cents per dozen of eggs, 
divided by price received by farmers for hogs, in 
current dollars per hundred pounds liveweight, year 
t-1. 
X22 Price received by farmers per dozen of eggs sold, 
year t-1, in current cents per dozen of eggs divided 
by price received by farmers for all beef cattle, 
in current dollars per hundred pounds liveweight, 
year t-1. 
The above notation has been consistently carried through for 
both the United States and major regions included in this 
study. 
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< Table 11 relates the total United States egg production 
X2 to a combination of regressor variables. The data used are 
in terms of actual observations. A similar procedure was fol­
lowed by Cromarty (18), Fisher (29) and Mauldon (66). Alter­
natively, a logarithmic transformation could have been used as 
in Judge (51) and Mauldon (66). Some researchers, notably 
Gerra (36), anticipated the existence of autocorrelation and 
resorted to first differences in the actual observations. For 
purposes of a policy model the logarithmic formulation is 
attractive, because of the constancy of the elasticity co­
efficients. A linear relationship in the actual observations 
approximates a logarithmic relationship quite closely, if the 
range in actual observations on production and prices is 
small. The application of first differences is aimed at 
eliminating autocorrelation,- but unless the coefficient of 
the autoregressive equation equals unity, the problem of auto­
correlation may in fact be worsened through taking first dif­
ferences. No evidence of autocorrelation was found by Fisher 
I 
(29) and Mauldon (66) with analyses in terms of the actual ob­
servations. On the basis of Fisher's and Mauldon's findings 
we proceeded with untransformed actual observations. Our 
period of study covers the period 1931 to i960. We include 
the war years since they appear to continue the general in­
crease in production and prices which began in the late 
thirties. Cromarty (18) studied the period 1929 to 1953* ' 
. " I 
Table IL Total United States egg production X2 and average number of layers on f ams Xj, 1J31 to l^oO, showing regression 
coefficients with standard errors, levels of significance and wan elasticities; data used are actud observations® 
Equa­
tion' Constant h k %3 ^5 % X? 4 
Uil .93I1 11533.583 d. 79,191^ 
(279,131)" 
N.S, 
(.01(96)® 
1020.]i8 
(^73.586) 
. .05^ 
(4%) 
1(86,537 
(m,58i) 
.20 
(.1215) 
2l|l(.988 
(228.03?) 
• '30 ' , 
(.0608) 
358.605 
(150,677) 
.05 
1768.918 
(1(57.553) 
.001 
11;2 ,931 ••I263O.I186 d. 11(1.532 
(273.9U) 
U. 
(.0886) 
901,299 
(1(61,966) 
,10 
. (.3256) 
668.081 
(301.26?) 
.05 
(,%W) 
356,% 
(151.151) 
.05 
• nun 
(1(58.1(39) 
.001 
U.3 .917 l8lll|.?06 d. 65.03? 
(277.O3I1) 
N.S. 
(.01(07) 
1289.6^2 
(1(59.765) 
.01 
(WW) 
It55.i02 
(I55.393) 
.01 
2230.96? 
(1(32,82?) 
.001 
IL.lt .91? 18360,9to d. 1185.091 
(112,160) 
.001 
(.1(281) 1 
1(51.709 
(151.882) 
.01 
2137.1(62 
166,296 
.001 
1 
11.5 ,9lt6 18652.058 d. 282.61a 
(98.030) 
.001 
(.1769) 
552.81? 
(128.1(01) 
.001 
1011(.567 
(11(3.739) 
^ . .001 
528.510 
(105.260) 
• .001 
(.3307) 
11.6 .927 #,619 d. 597.3^7 
(]l(li..286) 
.001 
10lil(.868 
(162.26?) 
, .001 
??8.2ltO 
(67.70) 
.001 
(.1(870) 
11.7 .71(8 181633.910 d. •552.061 
(1502.150) 
N.S. 
(-.0552) 
1(951(.163 
(251(8,618) 
.10 
(.2862) 
2W.286 
(#,3?6) 
.20 
(.w%) 
1203,936 
(1^7.190) 
.1(0 
(.01(78) 
2206.836 
(810.875) 
.05 
1393,288 
(21(62,338) 
I.S. 
"denotes dependent variable; I.S.-not significant at the ItO percent level, 
degression coefficient. 
- ''Standard error. 
•^level of significance. 
®Mean elasticity. 
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Me 11, (Continued) 
Equa­
tion R2 Constant h k ^3 % Kg ÎH 5 Ï7 %8 Ï9 
11,8 
.737 I8702L130 d. -2li5.702 
(11(68.187) 
M.S. 
(-.021)6) 
1(370.122 
(2l(76a83) 
.10 
(.252lt) 
3360.m ' 
(#.820) 
.05 . 
(.13lt2) 
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N.S. 
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.ItO 
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6323.1(78 
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.05 
L%%) 
2692,lt39 
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3720,270 
(2296,319) 
.20 
U,10 ,706 #00,270 d, -89.828 
(lli9.679) 
B.S. 
(-.0090) 
1(39.181 
(293.61(1) 
.20 
(.025I1) 
2890,2^3 
(836.111) 
.001 
1862.871 
(2783.1(03) 
K.S. 
96,687 
(83,090) 
.30 
(.0097) 
11,11 ,679 . 22liK9,6$0 d. 112.661 
(6g,39l) 
.10 
(.0113) 
2900.778 
(8$6,$16) 
1 .01 
-2057.672 
(958,829) 
.05 
166,91(2 
70,211| 
.05 
(.0167) 
11,12 .61,1 227li38,li60 d. %^,2% 
(881,89$) 
nm 
-1936.889 
(991.800) 
,10 
266.1(86 
(1(1.379) 
nm lUUJ. »UUi 
(.0267) 
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Fisher (29) studied the period 1915 to 1940 which appears 
undesirable, since the reliability of poultry statistics prior 
to 1930 is questionable. Estimation and sampling techniques 
have improved greatly since that period, but thé quinquennial 
revisions in estimates of past production and prices are still 
substantial. Gerra included the period 1931 to 195^» while 
excluding the period 1942 to I945. Judge (51) included the 
period 1921 to 1950. The fact that the most recent year in­
cluded in the foregoing studies is 1954 indicates the lag in 
data availability in this field. However Hayami (43) extended 
his study to 1958, which was followed by Mauldon (66), who in­
cluded 1959" This study covers the period 1931 to I960 and is 
therefore the most recent in this area. The selection of the 
time period included in the sample of observations is impor­
tant, because of the possibility of.structural change. Hayami 
divided the period 1926 to 1958 into four subperiods. The 
price elasticity of the lagged egg-feed ratio was substan­
tially larger in periods of rapid expansion than in periods of 
contraction. No statistically significant differences were 
observed however. A more conclusive procedure for testing 
structural change as suggested by Chow was not performed by 
Hayami or suggested by any other researcher in this field. 
Apparently then there exists an implicit consensus on the 
stability of the coefficients over a rather prolonged period 
of time which was characterized by rapid expansion. Given the 
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necessarily incomplete specification of relevant variables in 
time series analysis it is likely that structural change can­
not be detected and traced as is possible in a deductively 
complete model. 
Prom the list of variables specified above can be seen 
that no inventory components are included in the analysis. 
Both Gerra (36) and Hayami (43) in a multi-step model follow 
an opposite approach. ; Cromarty (18), Fisher (29) and Mauldon 
(66) include January 1 inventory components, but do not subse­
quently estimate such components. The approach by Gerra and 
Hayami rests essentially upon an accounting identity which 
includes a component for residual error. The average number 
of layers on farms is considered to be equal to the number of 
pullets raised during the year minus the number of layers sold 
and consumed on farms where produced, plus the January 1 in­
ventory of pullets. This is not an exact accounting identity 
and Gerra postulates that layer and pullet mortality consti­
tute the residual. Published statistics do not distinguish 
between mortality of layer type chickens and broiler chickens, 
but an estimate of the sum of these components is published. 
The mortality rate fluctuates between years. For the United 
States this averages around 5'7 percent per quarter. Gerra's 
residual mortality rates are considerably larger and, more 
seriously, show substantially greater fluctuations than war­
ranted on the basis of published statistics. Hayami estimates 
13^ 
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the number of layers and productivity per layer separately. 
Productivity per layer is estimated through a modified logis­
tic time trend. In this study we have estimated total egg 
production and the average number of layers on hand, but no 
attempt was made to link these variables. Both Cromarty and 
Fisher limit themselves to the estimation of total production 
of eggs. Prom Table 11 can be seen that total production can 
be explained more satisfactorily than the average number of 
layers on hand. One apparent reason for this is that the 
U.S.D.A. sampling procedure yields more reliable estimates on 
production than on the numbers of layers on hand. 
In this study we generally use product-factor price 
ratios and product-product price ratios. In some instances 
undeflated prices are used, a practice followed by all re­
searchers in this field with the exception of Judge., Defla­
tion of price variables in a supply and demand model intro­
duces the problem that the deflator used in supply response is 
not necessarily appropriate as a deflator for prices in the 
analysis of demand response, since the symmetrical definition 
of variables in both supply and demand relationships is 
thereby lost. It does not seem reasonable to apply the gen­
eral consumers price index as a deflator for farm prices re­
ceived since the deflator reflects the price changes in the 
distribution and marketing sector apart from the general 
change in purchasing power of domestic currency. Furthermore, 
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one might argue that farmers react in terms of actual money 
prices, and certainly not in terms of deflated prices. With 
the purchase of assets of great longevity such as land and 
buildings, farmers probably take account of changes in pur­
chasing power of the domestic currency. For the short run 
response in livestock production this factor appears unim­
portant. It is suggested that product-product price ratios 
eliminate the problem of deflation; however, a hog-corn ratio 
of 12 is equivalent to both 12 dollar hogs and 1 dollar com 
and 24 dollar hogs and 2 dollar corn. The profit margin per 
hog is clearly much more substantial in the latter case, and 
consequently would exert much more of an output expansionary 
effect. With the use of a product-factor price ratio both 
the variable in the numerator and denominator are credited 
with equal weight. Both Cromarty and Fisher observed that the 
effect of feed cost is much smaller than the corresponding 
coefficient for the price of eggs. In this study we have used 
the undeflated price of the dependent variable in connection 
with product-product price ratios for competitive products and 
product-factor price ratios for factors of production. This 
resulted in almost all cases in the correct sign for the vari­
ables involved. 
From Table 11 we observe that the production of eggs has 
a supplementary relationship with both beef and hog produc­
tion. To the extent that egg production does not make a 
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competitive demand upon resources used in alternative enter­
prises and to the extent that agriculture's capacity to pro­
duce has expanded, it is theoretically acceptable that such a 
supplementary relationship is confirmed by equation 11.1. 
Nevertheless one should not overrate the strength of this 
relationship. A one percent change in hog-corn ratio 
changes total annual production of eggs Xg by .1215 percent. 
A one percent change in the beef-corn ratio X5 changes total 
annual production of eggs by .0608 percent. The somewhat 
larger coefficient for hog production is logically acceptable 
since this enterprise tends to expand or contract more rapidly 
than the beef enterprise. The own price elasticity of eggs 
is small. In equation 11.1 the own-price elasticity of re­
sponse equals .04-96 as compared to .3685 for the price of farm 
chickens X^,. The simple coefficient of correlation between 
prices received for eggs and prices received for chickens sold 
is .732, which is not sufficient to explain the almost com­
plete transfer of the response effect to the price of chickens. 
The response effect of prices received by farmers for farm 
chickens sold is significant at the 5 percent level; both the 
cross price elasticities for the hog-corn ratio and beef-corn 
ratio are significant at somewhat higher levels. 
In equation 11.2 we eliminate the beef-corn ratio X^. 
The supplementary response effect of the hog-corn ratio X^, 
evaluated at the means, increases to .1668. This effect is 
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statistically significant. The price of farm chickens X4 con­
tinues to be more important as an explanatory variable than 
the price of eggs • 
Elimination of the hog-corn ratio in equation 11.3 
results in a noticeable decrease in the coefficient of mul­
tiple determination, with a corresponding decrease in the re­
sponse effect attributable to the price of farm chickens. The 
sum of the direct price elasticities of variable X^ and X^^ 
totals .5063, indicating that the supply curve of eggs is in­
elastic in the short run. 
Elimination of the price received for eggs Xj in equation 
11.4 does not materially reduce the coefficient of multiple 
determination. This is in accordance with expectations. The 
elimination of a statistically insignificant variable indi­
cates that this variable does not substantially contribute to 
the explanation of variation in the dependent variable. Price 
effects may be identified on a current or lagged basis. We 
do not know the distribution of such effects in advance. 
Traditionally, however, the purchase of pullet type chicks has 
been restricted to the winter months. This can be judged by 
studying the pattern of seasonality in commercial hatchings. 
At a time when broiler chicks were as yet unimportant, 80 to 
85 percent of all hatchings took place in the months of Feb­
ruary to May. During the past decade this pattern of season­
ality has changed dramatically. In I960, approximately 42 
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percent of all chickens were hatched in the period February to 
May. Hatchings of broiler type chicks in that year accounted 
for 4-5 percent of all commercial hatchings. Since broiler 
chicks have no strong seasonal highs and lows this source of 
chick placement contributed to a more even pattern in commer­
cial hatchings. But it is evident that pullet type hatchings 
must al'so have evened out considerably to achieve this notable 
decline in seasonality. The latter fact indicates that in 
recent years egg producers have followed continuous replace­
ment policies, rather than seasonal replacements. This is 
associated with the increasing commercialization and special­
ization of the egg enterprise. In recent years therefore, 
both current and lagged price can be expected to elicit a re­
sponse in egg production, whereas for the period prior to 19^5 
the lagged effect can be expected to be dominant. 
Equation 11.5 contains both the current and lagged price 
received by farmers for eggs sold. The current price Xj 
effect is associated with a positive elasticity of .I769. The 
lagged price for eggs is associated with a positive coeffi­
cient of elasticity of .3307» The sum of the two elasticities 
equals -5076» which is approximately equal to the sum of the 
direct price effects in equation 11.3. The current and lagged 
price effects are both highly significant. 
In equation 11.6 we exclude the current price of eggs 
X^. We reduce, thereby the coefficient of multiple determina-
I 
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tlon to 92.7 percent. Much of the current price effect of 
variable is transferred onto the lagged price response 
effect X^. For variable X^ we estimate the elasticity coeffi­
cient at .^870. 
Comparing the merit of the various regressions, we would 
prefer equations 11-5 and 11.6, because of the satisfactory 
p 
R , the statistically significant response effects and the 
simplicity of formulation. No exact comparison of the above 
results with other published research is possible, because of 
the problems posed by different definitions of variables used. 
In the estimation of the average number of layers on 
farms during the year X^ we Included the same set of regressor 
variables. Since a layer has a relatively short productive 
1 
life it appears that identically defined variables should both 
be able to explain total egg production X2 and the number of 
layers on hand X^. Generally the coefficients of determina­
tion were substantially lower when estimating the latter vari­
able. No other researcher in this field has attempted to 
estimate variable X2 directly. Both Gerra (36) and Hayami 
(43) use a multi-step model which estimates the components of 
an accounting identity which by means of a residual term is 
related to variable X2. Neither of the foregoing studies was 
successful in reliably estimating these components. When one 
takes into account the completely unpredictable nature of the 
residual term in estimating X2, then our analysis compares 
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favorably with either Gerra's or Hayami's results. Poultry 
statistics contain a substantial observational error. A study 
of the sampling procedures followed by the U.S.D.A.is more­
over convincing that many of the components are not estimated 
independently. For example the number of pullets raised is 
determined by ratio estimation on the basis of the October 1 
and January 1 poultry inventories. No information exists on 
the number of layers sold, except in terms of estimates based 
on foregoing poultry inventories. This by no means involves 
a simple accounting process, and consequently a degree of 
arbitrariness must exist on the part of those who construct 
such series. 
Equation 11.? is the analogous formulation of equation 
11.1. The coefficient of multiple determination is highly 
significant but substantially lower than in equation 11.1. 
The corresponding elasticity estimates are also uniformly 
smaller. If productivity per layer were not affected by the 
independent variables, then the elasticity estimates would 
tend to converge. Since this is not the case, a degree of 
interaction must exist between layer productivity and the num­
ber of layers on hand. This can be attributed to a number of 
sources. It appears likely that the percentage of eggs mar­
keted relative to home consumption is not invariant with 
changing profitability of the egg enterprise. Total annual 
egg production includes home consumption, however, but it is 
I4l 
possible the statistical adjustment of this component is not 
sufficiently flexible under changing economic conditions. It 
cannot be expected however that this discrepancy can wholly 
explain the existing differences in responsiveness. The other • 
possibility is that flock productivity increases in times of 
increasing prices. This tends to be confirmed by the fact 
that successive annual differences in the number of eggs per 
layer tend to be positively correlated with the successive 
annual differences in the number of layers. 
In equation 11.8 the supplementary response effect of the 
beef-corn ratio X5 has been transferred onto the response 
effect of the hog-corn ratio X^. A one per cent increase in 
the lagged hog-corn ratio will expand the average number of 
layers on hand by .13^2 percent. The sum of the supplementary 
response effects relative to the sum of the direct response 
effects is substantial. 
In equation 11.9 we exclude the corn-hog ratio X^. The 
effect generated by the price received for farm chickens sold 
X^j, increases substantially. An increase of one percent in 
variable Xj[^ will induce an increase of .3^53 percent in the 
average number of layers on farms. In equation 11.11 we in­
clude the undeflated current and lagged price for eggs. Com­
paring equation 11.5 with equation 11.11, we observe that 
corresponding elasticities are very much smaller in the 
latter; the same relative importance between current and 
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lagged effects exists however. In equation 11.12 we use a 
completely recursive relationship in estimating variable 
Most of the current price effect of variable is trans-
I 
ferred onto the lagged price effect . Prom the point of 
short run forecasts equation 11.8 should be given preference. 
The Supply Response in Egg Production 
by Major Regions 
. Past research on supply response in egg production has 
not paid any attention to regional disaggregation. One reason 
for this lies in the limited demand for regional models. Most 
of the statistical analyses developed at the national level 
have found little or no application in policy formulation. 
It is not surprising therefore that studies concerning the 
regional impact of government policies have been absent. 
Regional disaggregation of economic relationships however may 
proceed for different reasons. It is quite conceivable that 
a national estimate obtained from regional subaggregates may 
be superior in predictive power to an aggregated national 
model. Regional disaggregation aims to delineate environments 
with respect to types of farming which are homogeneous within 
and heterogeneous without. It permits the inclusion and iden­
tification of variables which are specific to the region, but 
the response effect of which would likely be unobservable in 
a national aggregated model. Elsewhere we have discussed the 
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statistical criteria by means of which the justification of 
regional disaggregation can be ascertained. Substantial dif­
ferences exist between regions as to the importance of eggs 
as a source of farm cash income. For the period 1955 to 1959 
the New England States obtained approximately JO percent of 
their cash farm income from various poultry enterprises as 
compared to 3*2 percent for the Mountain States. For the West 
North Central States and the East North Central States the 
poultry enterprise accounted for 6.? percent and 7.7 percent 
of farm cash income for that same period. During the past 
three decades the relative importance of poultry as a source 
of farm cash income has shown substantially different develop­
ments between regions. Both the North Atlantic States and the 
South Atlantic States became increasingly dependent upon the 
poultry enterprise, but the opposite trend developed in the 
North Central States. With respect to the regional distribu­
tion of production of eggs, these changes have been very much 
smaller, indicating that the major adjustments must have taken 
place in the other components of farm cash income. No region 
accounts for more than 30 percent of the total U.S. production 
of eggs. Egg production is therefore geographically widely 
distributed. Over the past three decades farm chickens as a 
component of farm cash income have declined very sharply, due 
to increasing competition from broilers. Eggs continue to 
make up approximately 56 percent of all farm cash Income 
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earned In the. poultry enterprise. All regions shared in this 
development, although not uniformly so. The average size of 
the laying flock is an important determinant of both produc­
tivity per layer and profitability of the egg enterprise. The 
North Atlantic States are characterized by large flocks and 
such flocks account for approximately 90 percent of eggs sold 
in recent years. The South Central States are characterized 
by a predominance of very small flocks, accounting for only 50 
percent of all eggs sold in that region. Other regions are 
intermediate between the above two extremes. More than 90 
percent of all poultry flocks in the United States have less 
than 500 chickens on hand. The larger flocks however account 
for more than 55 percent of all eggs sold. No evidence is 
available on the comparative price responsiveness of small egg 
producers and large egg producers. Small firms can easily 
i 
enter the industry and expand proportionately faster than 
larger egg producers. Large firms therefore may be less price 
responsive than small firms. The impact of small producers is 
obscured because of the relatively small percentage in total 
sales attributable to small producers. Large producers have 
an organizational structure which is inflexible in the short 
run, hence such operations will continue to produce at capac­
ity irrespective of economic conditions. In periods of sus­
tained advance in the price of poultry products, expansion of 
large operations is substantial. This leads to an irreversi-
1^5 
blllty in the supply curve, the latter being more inelastic 
in periods of declining prices. Time series analysis does not 
appear to be a sufficiently discriminatory tool to test this 
hypothesis. Efforts by Barker (5) to test for irreversibility 
in the case of milk production yielded inconclusive results. 
Accurate information on inputs used in the poultry industry is 
not available. Evidence on the disposition of feed fed in the 
poultry industry indicates substantial differences in the com­
position of the ration between regions. The feed importing 
regions use a considerably higher percentage of manufactured 
feeds than do feed exporting areas. Corn constitutes the 
major component of the poultry ration in all regions, but in 
regions where corn has to be imported other homegrown grains 
tend to be substituted in the ration. Prices of feed grains 
are closely correlated between absolute terms. With different 
prices between regions and the tendency to use homegrown feeds 
it is not surprising to find large differences in the cost of 
the poultry ration between regions. The estimated feed cost 
per layer depends on layer productivity, the weight of the 
layer, the mortality rate, the feed conversion efficiency and 
the cost of the ration fed. Cromarty (l8) and Fisher (29) 
observed that the cost of feed fed was not an important deter­
minant in poultry supply response. One reason for this is the 
relative stability of the cost of the poultry ration as com­
pared to the revenue per layer. In this case feed costs would 
146 
not be credited with much influence in determining production. 
The highest prices for eggs sold is found in the Atlantic 
States; both of these regions have mostly large and produc­
tive flocks which contribute to the favorable competitive 
position of these areas. Productivity per layer differs sub­
stantially between regions, but in the near future such dif­
ferences will become smaller. Increasing specialization and 
common acceptance of the better production techniques are in­
strumental in the above development. Major Increases in pro­
ductivity are generated through the disappearance of small and 
unproductive flocks. The variability in annual production 
between regions is quite substantial. The United States over 
the past decade had an annual variability in egg production of 
approximately 5*7 percent. The variability for the Western 
States was 6.2 percent, while the East North Central States 
had the lowest regional variability with 3.1 percent. Prices 
received for eggs sold fluctuateas multiple of the variation 
in production. For the United States over the past three 
decades the annual variability was 14.9 percent. The major 
egg importing regions, the North Atlantic States and South 
Atlantic States had an annual variability of 12.2 percent. 
The West North Central States, which is the major egg export­
ing region, had an annual variability of l6.6 percent in the 
farm price received for eggs. This conforms with expectations 
since the transportation margin on eggs from a surplus area 
14? 
makes the demand for eggs in that area relatively inelastic 
as compared to egg-importing regions. The foregoing pages 
have touched upon aspects which justify a regionally differ­
entiated analysis. In short, such differences are related 
to prices received, prices paid, the size distribution of 
poultry flocks, and productivity differences. 
In the statistical analysis of regional supply response, 
we included the same set of regressor variables as for the 
United States. We proceeded on the assumption that crops are 
not a competitive enterprise with egg production, although 
feed availability has a complementary effect on egg produc­
tion. Tables 12 through 17 summarize the results obtained for 
the regional relationships. The justification of the estima­
tion technique and inclusion of variables is the same as 
developed for Table 11, which relates to United States supply 
response. In addition we have used the lagged egg-hog price 
ratio X]_Q and the lagged egg-beef price ratio The egg-
hog ratio shows a different historical development between 
regions, with eggs becoming more profitable in importing 
regions but less profitable in exporting regions. The beef-
egg price ratio for all regions showed an increased in rela­
tive profitability of the beef enterprise. 
I 
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The North Atlantic States 
Table 12 contains the results obtained for the North 
Atlantic States. Equation 12.1 includes the egg-hog price 
X-j^o and the egg-beef price ratio Beef production in this 
region is a minor source of farm cash income, an increase of 
one percent in the egg-beef price ratio X^^ raises production 
of eggs by .0051 percent. Since this coefficient is positive 
it would indicate that some substitutability of resources be­
tween egg production and beef production must exist. The 
effect however is not statistically significant. Hog produc­
tion is of some importance as a source of farm cash income in 
the North Atlantic States. An increase of one percent in the 
egg-hog price ratio X^Q increases egg production by .1245 per­
cent. The elasticity coefficient is significant at the 30 
percent level, Indicating that hog production and egg produc­
tion compete to some extent. The effect of the current farm 
price received for eggs sold X^ has the expected sign. A one 
percent increase in X^ increases current production by .2288 
percent. The lagged price effect for variable X^ is substan­
tially larger than the current response effect. An increase 
of one percent in the lagged farm price of eggs X^ raises cur­
rent production by .5634 percent. If we assume the price of 
beef cattle and the price of hogs at their mean values, then 
the response in egg production with respect to variables 
Table 12. North Atlantic States; total egg production Xg, 1931 to I960, showing regression coeffi­
cients with standard errors and levels of significance; data used are actual observations® 
Equa­
tion R2 Constant X2 X3 X7 X8 X9 XlO Xu 
12.1 .943 -926.952 d. 47.677b 
(24.045)0 
.lOd 
(.2288)® 
110.565 
(33.833) 
.01 
268.077 
(38.597) 
.001 
118.613 
(24.601) 
.001 
(.5634) 
334.698 
(309.373) 
.30 
(.245) 
10.445 
(207.771) 
N.S. 
(.0051) 
12.2 .933 369.993 d. 112.949 
(35.817) 
.01 
261.971 
(40.755) 
.001 
152.575 
(18.705) 
.001 
(.7247) 
266.313 
(325.678) 
N.S. 
(.0991) 
-113.078 
209.967 
N.S. 
(-.0556) 
12.3 .932 -72.729 d. 117.031 
(34.5u5) 
.01 
267.990 
(38.632) 
.001 
156.704 
(16.818) 
.001 
(.7443) 
192.859 
(291.512) 
N.S. 
(.0717) 
12.4 .931 = 811.321 d. 112.800 
(33.539) 
.01 
260.855 
(36.693) 
.001 
150.727 
(14.032) 
.001 
(.7160) 
12.5 .939 698.883 d. 40.593 
(21.952) 
' .10 
(.1948) 
104.198 
(32.415) 
.01 
255.755 
(35.204) 
.001 
114.050 
(23.948) 
.001 
(.5417) 
^d.-denotes dependent variable; N.S.-not significant at the 1|0 percent level. 
^Regression coefficient, 
^standard error. 
•^ Level of significance. 
%ean elasticity. 
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Xg, X^Q and X^i equals .912^1- percent. This indicates that the 
short run supply curve of eggs is more elastic than is common­
ly suspected. 
In equation 12.3 we omit the current price received for 
eggs X^. The current response effect is transferred almost 
completely onto the lagged price effect X^. An increase of 
one percent in the lagged price of eggs increases current 
production by .7443 percent. The egg-hog price ratio has the 
appropriate sign, but the corresponding coefficient of elas­
ticity is somewhat smaller than in equation 12.1. If we assume 
the price of hogs at its mean value, then the total response 
effect of the lagged price of eggs equals .8110 percent. It 
may be observed that in equations 12.1 and 12.3 the direct 
price effects of variables X^ and Xc are statistically sig­
nificant, but that this does not hold for variables X^Q and 
Xii. 
In equation 12.4 we exclude the lagged egg-hog price 
ratio X]_Q. This does not measurably affect the coefficient 
of multiple determination. An increase of one percent in the 
lagged farm price of eggs X^ increases current production by 
.7160 percent. It is apparent that by successively omitting 
variables X^, X^o and X^i the total price elasticity of the 
farm price of eggs, in current or lagged form, has decreased 
from .9124 percent to .716O percent. This indicates that 
while any one of the foregoing variables separately may not 
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be statistically significant, their total effect should not 
be ignored. 
In equation 12.5 we reformulate equation 12.4 by includ­
ing the current price of eggs X^. A one percent increase in 
variable increases current egg production by .1948 percent. 
This effect is statistically significant. A one percent in­
crease in the lagged price of eggs Xn increases current pro­
duction by .5417 percent. The total response effect of vari­
ables X^ and Xç equals .7365• Both effects are statistically 
significant. The coefficient of multiple determination equals 
93.9 percent. 
For purposes of prediction we would give preference to 
equation 12.5» because of its simplicity in formulation and 
the statistically significant effect of the variables in­
cluded . 
The East-North Central States 
Table 13 presents the results obtained for the East-North 
Central States. This region is important in the production of 
hogs and beef cattle. It is also of major importance in the 
production of milk. Egg production is a minor enterprise in 
these states. In equation 13«1 all variables have statis­
tically significant effects. An increase of one percent in 
the current price of eggs Xj increases egg production by .1395 
percent. An increase in the lagged price of eggs Xn increases 
Table I3. East North Central States; total egg production Ti-i» 1931 to I960, showing regression 
coefficients with standard errors, levels of significance, and mean elasticities; data 
used are actual observations® 
Equa­
tion R2 Constant X2 X3 X7 X8 X9 XlO ^ %1 
13.1 .947 4627.604 d. 49.146% 
(17.716)0 
.02d 
(.1395)® 
74.030 
(21.915) 
.01 
112.361 
(28.970) 
.001 
114.552 
(18.322) 
.001 
(.3219) 
337.050 
(244.800) 
.20 
(.1086) 
-227.736 
(225.018) 
.40 
(-.0529) 
13.2 .929 5635.563 d. 78.471 
(24.718) 
.01 
98.844 
(32.296) 
.01 
152.289 
(13.880) 
.001 
(.4279) 
293.874 
(276.290) 
.30 
(.0947) 
-443.044 
(239.443) 
.10 
(-.1029) 
13.3 .919 4783.459 d. 80.042 
(25.873) 
.01 
128.419 
(29 . 392) 
.001 
154.178 
(14.498). 
.001 
(.4332) 
119.375 
(271.993) 
N.S. 
(.0385) 
i3.il .918 5187.466 d. 77.651 
(24.897) 
.01 
124.360 
(27.462) 
.001 
150.794 
(12.087) 
.001 
(.4237) 
13.5 .942 5017.965 d. 51.829 
(16.440) 
.01 
(.1471) 
69.459 
(21.634) 
.01 
118.866 
(23.754) 
.001 
106.205 
(17.572) 
.001 
(.2984) 
^d.-denotes dependent variable; N.S.-not significant at the 1|0 percent level. 
^Regression coefficient. 
^Standard error. 
L^evel of significance. 
M^ean elasticity. 
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production by .3219 percent. An increase of one percent in 
the lagged egg-hog price ratio increases production by .1086 
percent. The coefficient for the lagged egg-beef price ratio 
Xii has an inappropriate sign. Since is a ratio variable 
it presents an agglomeration of the direct price elasticity of 
and the cross price elasticity of the lagged price received 
by farmers for beef cattle. To the extent that the cross 
price elasticity of beef cattlb is large relative to the 
direct price elasticity of the lagged price of eggs, a nega­
tive coefficient for variable X^i is possible. Normally, how­
ever, one would not expect the cross price elasticity of beef 
cattle to be large relative to the direct price elasticity of 
variable X^. If we assume the price of hogs and beef cattle 
I I 
at their mean values, then the total response effect of vari­
able Xn equals «3763 percent. If we add the current response 
effect, induced by variable X^, then the total elasticity with 
respect to a change in the farm price of eggs, in current and 
lagged form, equals .5150 percent. 
In equation 13*3» we omit the current price of eggs X^ 
and the lagged egg-beef price ratio X^^. The coefficient of 
multiple determination declines to 91.9 percent. All vari­
ables, except the lagged egg-hog price ratio X]_q are statis­
tically significant. A one percent increase in the lagged 
farm price for eggs' increases current production by .^332 per-
I 
cent. A one percent increase in the lagged egg-hog price 
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ratio increases current production of eggs by .0385 percent. 
Given that the price of hogs remains unchanged at its mean 
value, the total elasticity of variable equals .4688 per­
cent . 
In equation 13.4, we omit the lagged egg-hog price ratio 
Xg. This does not substantially affect the coefficient of 
' multiple determination, or the elasticity of variable X^. It 
will be observed that if we omit the current price of eggs X^, 
much of its response effect is.transferred onto the lagged 
farm price of eggs X^. .This indicates that no clear-cut dis­
tinction in the lag distribution of the response effect of 
variable X^ is possible, but judging by the levels of sig­
nificance for current response and lagged response, one would 
conclude that the lagged effect is more Important than the 
current effect. This, of course, corresponds to our earlier 
observations on a strong seasonal pattern in egg production. 
In equation 13*5 we reformulate equation 13.4 by includ­
ing the current farm price for eggs X^. This variable has a 
statistically significant effect. A one percent increase in 
variable X^ increases current production by .2984 percent. 
The coefficient of multiple determination equals 94.2 percent. 
For purposes of prediction we would prefer equation 13*5 
because of its satisfactory coefficient of multiple determina­
tion and the statistically significant response effects in 
this equation. 
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The West-North Central States 
Table 14 presents the results obtained for the West-North 
Central States. This region is of major importance in all 
facets of agricultural production. In recent years 47.2 per­
cent of United States production of hogs originated from this 
region. For that same period this region produced 3^*7 per­
cent of the nation's eggs. Both crop and livestock and poul­
try enterprises are important in this region. In equation 
l4.1 all coefficients are statistically significant. An in­
crease of one percent in the current price of eggs in­
creases production by .2294 percent. An increase of one per-
' cent in the lagged price of eggs increases production by 
.4179 percent. An increase of one percent in the lagged egg-
hog price ratio increases current production of eggs by .1359 
percent. The coefficient for the lagged egg-beef price ratio 
X^i has an inappropriate sign, but is statistically signifi­
cant. If we assume the lagged price of beef cattle and hogs 
at their mean values, then the total lagged response elas­
ticity of variable X^ equals .4763» If we include the current 
response effect induced by variable X^, then the total elas­
ticity of the farm price of eggs, in current and lagged form, 
equals .7057 percent. 
In equation 14.2, we include the current price of eggs 
X^, which results in a substantial decline in the coefficient 
of multiple determination. An increase in the lagged farm 
.Table II4.. West North Central States, total egg production X2, 1931 to 196O, showing regression 
coefficients with standard errors, levels of significance and mean elasticities; data 
used are actual observations* 
Equa­
tion R2 Constant X2 %3 X7 %8 X9 Xio Xll 
IZi.l .900 4112.879 d. 122.072% 
(48.793)0 
.02° 
(.2294)® 
131.738 
(57.458) 
.05 
168.146 
(77.623) 
.05 
224.974 
(50.697) 
.001 
(.4179) 
883.021 
(691.763) 
.20 
(.1359) 
-1091.642 
(659.423) 
.20 
(-.1621) 
14.2 .872 6329.952 d. 152.674 
(62.765) 
.05 
135.335 
(84.475) 
.20 
328.378 
(36.376) 
.001 
(.5970) 
609.700 
(757.418) 
N.S. 
(.0939 
-1594.652 
(693.427) 
.05 
(-.2369) 
14.3 .844 4452.426 d. 135.548 
(67.455) 
.10 
227.088 
(80.592) 
.01 
307.652 
(38.839) 
.001 
(.5715) 
-6.980 
(766.710) 
N.S. 
(-.0011) 
14.4 .844 4431.857 d. 135.605 
(65.858) 
.05 
227.370 
(72.987) 
.01 
307.817 
(33.664) 
.001 
(.5718) 
14.5 .882 3962.663 d. 138.323 
(46.263) 
.01 
(.2599) 
114.124 
(58.088) 
.10 
212.671 
(64.072) 
.01 
192.270 
(48.597) 
.001 
(.3572) 
^d.-denotes dependent variable; U.S.-not significant at the I4O percent level. 
^Regression coefficient. 
S^tandard error. 
*^ Level of significance. 
®Mean elasticity. 
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price of eggs results in an increase of .5870 percent of 
current production. An increase of one percent in the lagged 
egg-beef price ratio X^ l decreases current production by 
.2369' percent. This effect is statistically significant. If 
we subsequently eliminate variable in equation 14.3, we 
observe a substantial decline in the coefficient of multiple 
determination. The cross price elasticity of the lagged egg-
hog price ratio X^ g equation 14.4 is not affected. In 
equation l4.4 an increase of one percent in the lagged farm 
price of eggs X^  increases current production by .5718 per­
cent . 
Since the current price effect of variable X^  was statis-
I 
tically significant in equation 14.1, we reformulate equation 
l4.4 so as to include variable X^ . The coefficient of multi­
ple determination increases to .885» An increase of one per­
cent in the current farm price of eggs increases production by 
•2599 percent. An increase of one percent in the lagged price 
of eggs X^  increases production by .3572 percent. The total 
elasticity of the farm price of eggs, in current and lagged 
form, equals .617I percent. This estimate is somewhat lower 
than the total elasticity obtained in equation l4.1. 
However, for forecasting purposes we would recommend 
equation 14.5» for reasons of simplicity and the statistically 
significant coefficients. 
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The South Atlantic States 
Table 15 summarizes the results obtained for the South 
Atlantic States. In recent years this area accounted for 10 
percent of United States egg production. This region is of 
minor national importance in cattle production and hog pro­
duction. The region is a net importer of feed grains. The 
coefficients of multiple determination for equations 15«1 
through 15*5 are satisfactory, but the response elasticities 
are generally low. In equation 15.1 only one price variable 
(Xg) is statistically significant. An increase of one percent 
in the current farm price of eggs increases current production 
of eggs by .0807 percent. An increase of one percent in the 
lagged price of eggs increases current production by .09^ 3 
percent. An increase of one percent in the lagged egg-hog 
price ratio decrease^ current production by .004? percent. 
An increase of one percent in the lagged egg-beef price ratio 
decreases current production by .1724 percent. The total 
price elasticity of the farm price of eggs, in current and 
lagged form, equals .0208. It is apparent that the trend 
variables Xy and Xg are to some extent responsible for this 
low estimate. 
In equation 15.2 we exclude the current price of eggs 
X^, which does not materially affect the coefficient of mul­
tiple determination. Both the lagged egg-hog price ratio X^g 
Table 1$. South Atlantic States, total egg production X2, 1931 to I960, showing regression 
coefficients with standard errors, levels of significance and mean elasticities; 
data used are actual observations® 
Equa- . 
tion Constant X2 X3 X7 %8 %9 XlO %11 
15.1 .916 3387.136 d. 10.232b 
(13.249)0 
N.S. 
(.0807)9 
5k.5u7 
(16.762) 
.Old 
220.263 
(19.061) 
.001 
12.168 
(14.097) 
.40 
(.0913) 
-7.570 
(177.686) 
N.S. 
(-.UO47) 
-227.011 
(106.018) 
.05 
(-.1724) 
IS.2 M 3600.451 d. 55.055 
(I6.0O5) 
.01 
220.567 
(18.896) 
.001 
20.156 
(9.197) 
.05 
(.1562) 
-19.070 
(175.566) 
N.S. 
(-.0119) 
-256.663 
(98.153) 
.05 
(-.1949) 
15.3 .929 2696.021 d. 63.053 
(18.127) 
.01 
229.277 
(20.657) 
.001 
27.036 
(10.135) 
.02 
(.2095) 
-120.699 
(190.152) 
N.S. 
(-.0751) 
15.ii .928 2207.427 d. 66.105 
(17.276) 
.001 
229.172 
(20.418) 
.001 
30.967 
(7.931) 
.001 
(.2400) 
15.5 .935 2173.851 d. 21.247 
(12.873) 
.20 
(.1675) 
61.856 
(16.927) 
.001 
226.515 
(19.839) 
.uOl 
11.184 
(14.235) 
N.S. 
(.0867) 
^d.-denotes dependent variable; M.S.-not significant at the UO percent level. 
^Regression coefficient. 
^Standard error. 
^Level of significance. 
%ean elasticity. 
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and the lagged egg-beef price ratio have inappropriate signs. 
The total elasticity of the price of eggs now declines to 
.0100. We subsequently omit variable in equation 15.3. 
Again the results are not satisfactory, but we observe that 
the elasticity of the lagged price of eggs grows progres­
sively larger with simpler variable specification. 
In equation 15»^ we include the lagged price of eggs 
as only price variable. An increase of one-percent in the 
lagged price of eggs Xo increases production by .2400 percent. 
This effect is highly significant. The inclusion of variables 
X^o and X^^ leads to multicollinearity in equation 15«l» 
In equation 15«5 we reformulate equation 15*4 by includ­
ing the current price of eggs X^. The distribution of the 
response effect between X^ and X^ now becomes indistinct, 
since the effect of the lagged price of eggs Xn is no longer 
significant. Possibly then the high intercorrelation between 
variables X^ and X^ makes it impossible to estimate the effects 
of these two variables separately. The total price elasticity 
for the price of eggs, in current and lagged form, equals 
.2542, which is not very different from the estimate obtained 
in equation 15.4. 
For purposes of prediction, no definite preference be­
tween equations 15.4 and 15.5 appears possible. We would ex­
clude, however, equations I5.I and 15.2 for such purposes be­
cause of the high standard errors of the coefficients in these 
I6l 
equations. 
The South Central States 
Table l6 summarizes the results obtained for the South 
Central States. This area is characterized by predominantly 
small flocks and a small percentage of large flocks that 
account for a disproportionately high percentage of total eggs 
sold. In recent years this region produced 12.5 percent of 
total United States egg production. Considering its large 
geographical area it is only of minor importance in hog produc­
tion. However, in recent year's 22.3 percent of total United 
States beef production originated in this area. Over the past 
three decades hog production has expanded very little, but 
beef production almost tripled over that same period. Egg 
production reached a peak in 19^6, but has declined at a slow 
rate since that time. This is confirmed by the negative trend 
coefficient for variable Xg in Table l6. The coefficients of 
multiple determination for this region were generally lower 
than for other regions. Part of this is due to the pre­
dominance of small producers, which makes it difficult to 
obtain reliable estimates on total egg production. 
In equation l6.1 all coefficients are statistically sig­
nificant . An increase of one percent in the current farm 
price of eggs increases production by .1264 percent. An in­
crease in the lagged price of eggs increases production by 
Table 16. South Central States, total egg production X2, 1931 to I960, shomng regression 
coefficients with standard errors, levels of significance and mean elasticities; 
data used are actual observations® 
Equa­
tion Constant X2 X^ Xy Xg X9 X%o Xxi 
16.1 
CO 
4225.796 d. 32.728% 
(20.991)° 
.20* 
(.1264)® 
127.430 
(24.368) 
.001 
050.413 
(30.629) 
.20 
92.593 
(22.873) 
.001 
(.3502) 
331.889 
(317.355) 
.40 
(.1025) 
-467.722 
(171.090) 
.02 
(-.1770) 
16.2 .853 4563.047 d. 132.160 
(24.889) 
.001 
-49.503 
(31.523) 
.20 
120.177 
(14.597) 
.001 
(.4545) 
348.977 
(326.485) 
N.S. 
(.1070) 
-548.583 
(167.831) 
.01 
(-.2076) 
16.3, .787 3576.130 d. 139.450 
(29.198) 
.001 
-17.010 
(35.238) 
N.S. 
125.030 
(17.104) 
.001 
(.4729) 
-35.934 
(358.670) 
N.S. 
(-.0111) 
16.il .787 3464.837 d. 139.532 
(28.625) 
.001 
-17.161 
(34.537) 
N.S. 
125.723 
(14.317) 
.001 
(.4763) 
16.5 .823 3359.473 d. 49.987 
(22.014) 
.05 
(.1930) 
130.529 
(26.874) 
.001 
-25.639 
(32.285) 
N.S. 
81.196 
(23.763) 
.01 
(.3071) 
^d.-denotes dependent variable; M.S.-not significant at the I4.0 percent level. 
^Regression coefficient. 
^Standard error. 
*^Level of significance. 
®Mean elasticity. 
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•3502 percent. An increase of one percent in the lagged egg-
hog price ratio increases production by .1025 percent. The 
coefficient of the lagged egg-beef price ratio has an in­
appropriate sign. This effect, however, is statistically sig­
nificant. The total elasticity with respect to the farm price 
of eggs, in current and lagged form, equals .4710. Comparing 
variables and it is apparent for this region, and pre­
vious regions, that the lagged price response effect is domi­
nant. 
In equation I6.3 we omit both the current price of eggs 
X^ and the lagged egg-beef price ratio X^^. The coefficient 
of multiple determination is substantially affected by this 
simpler specification and declines to 78.7 percent. We ob­
serve that much of the current response effect of variable 
Xj is transferred onto variable X^. An increase of one per­
cent in the lagged farm price of eggs increases production by 
.4729 percent. From the coefficient of the lagged egg-hog. 
price variable X^ q we observe that variables X^ q^ tend 
to compensate for each other. 
Since in equation I6.I the current response effect of 
variable X^ was statistically significant, we reformulate 
equation 16.4 so as to include variable X^. An increase of 
one percent in the current price of eggs increases production 
by .1930 percent. An increase of one percent in the lagged 
price of eggs X9 increases production by .307I percent. The 
164 
total price elasticity of the price of eggs, in current and 
lagged forms equals .6001. 
From the point of forecasting production of eggs for this 
region we would give preference to either equation I6.I or 
equation I6.5. 
The Western States 
Table I7 summarizes the results for the Western States. 
For the period 1955 to 1959 this area contributed 12.0 percent 
to U. S. egg production. It is of very minor importance in 
hog production, but for the period 1955 to 1959 approximately 
19 percent of the United States beef production originated in 
this area. Egg production in this region is characterized by 
many small flocks in the Mountain States and large specialized 
producers in the Pacific States. Over the past thirty years 
egg production almost doubled, whereas hog production declined 
by approximately 30 percent. Beef production however increased 
by more than 220 percent in the period 1930 to I96O. The 
coefficients of multiple determination in the estimated rela­
tionships are quite satisfactory. 
In equation I7.I we observe a negative coefficient for 
the current farm price of eggs Xj. This clearly contradicts 
findings in other regions, and hence we reject equation I7.I. 
In equation I7.2 we omit the current price of eggs X^. 
Table 17. Western States, total egg production X2, 1931 to I960, showing regression coefficients 
with standard errors, levels of significance and mean elasticities; data used are 
actual observations® 
Equa­
tion r2 Constant X2 ==3 X7 X8 %9 %10 Xu 
17.1 '96k 3871,818 d. -13.202% 
(11,524)° 
N.S. 
(-.0785/' 
42,249 
(14.820) 
.Old 
265.077 
(21.306) 
.001 
37.271 
(11.745) 
.01 
(.2190) 
-125.575 
(139.765) 
.40 
(-.0569) 
55.497 
(138.588) 
N.S. 
(.0264) 
17.2 .961 3617.248 d. 40.872 
(14.867) 
.02 
271.247 
(20.748) 
.001 
26.209 
(6.729) 
.001 
(.1540) 
-136.612 
(140.337) 
.ho 
(-.0619) 
119.044 
(127.828) 
N.S. 
(.0609) 
17.3 .960 3929.893 d. 39.108 
(14.707) 
.02 
260.330 
(17.073) 
.001 
24.885 
(6.560) 
.001 
(.1462) 
-85.016 
(128.595) 
N.S. 
(-.0386) 
17.1 .959 3609.524 d. 41.290 
. (14.176) 
.01 
265.037 
(15.348) 
.001 
26.928 
(5.724) 
.001 
(.1582) 
17.5 .962 3636.879 d. -I.418 
(10.252) 
N.S. 
(.0084) 
44.235 
(Hi. 095) 
.01 
265.651 
(15.092) 
.001 
39.991 
(10.995) 
.001 
(.2350) 
^d.-denotes dependent variable; N.S.-not significant at the iiO percent level. 
^Regression coefficient, 
^Standard error. 
^Level of significance, 
®Mean elasticity. 
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An increase of one percent in the lagged price of eggs X^, 
increases current production by .1540 percent. An increase of 
one percent in the lagged egg-hog price ratio X]_q decreases 
production by .O619 percent. The negative sign for this vari­
able is in contradiction with the positive coefficients for 
this variable in all other regions. For the lagged egg-beef 
price ratio we find a positive coefficient, whereas|in all 
other regions this coefficient was negative. 
In equation 1^.4 we include the lagged price for eggs Xm 
as the only price variable. The coefficient has the expected 
sign and is statistically significant. An increase of one 
percent in variable Xo increases production by .1582 percent. 
In equation 17*5 we reformulate equation I7.4 by including 
the current farm price of eggs X^. This leads to an incon­
sistent sign for variable Xj. Hence we cannot accept this 
formulation. 
For purposes of predictions, equation I7.4 is preferable. 
This equation is completely recursive, in contrast with all 
other regions where the current response effect of variable 
X^ was statistically significant. 1 
Summary 
Annual egg production in the. United States expanded from 
36.8 billion eggs in the early thirties to 60.8 billion eggs 
in the late fifties. All regions shared in this growth, but 
16? 
not proportionately. The Atlantic States increased their 
share in national production from 21.? percent to 27.9 per­
cent, largely at the expense of the East Worth Central and 
South Central States. Regional reallocation of egg produc­
tion has been small relative to the total expansion in egg 
production for all regions included in this study. The expan­
sion in egg production took place under moderately declining 
profitably conditions, as measured by the egg-feed ratio. A 
number of supply relationships were formulated for each 
region. The coefficients of multiple determination were 
satisfactory. The direct price effects of the price of eggs 
in current or lagged form were in all instances statistically 
significant and of proper sign. No strictly recursive rela­
tionships in egg production appear to be valid, except for 
the Western States. The cross price elasticities for the 
price of beef, and the price of hogs were in the majority of 
relationships statistically significant. However, with re­
spect ito the sign of the cross price elasticities we observe 
that both hog production and beef production may appear as 
competitive or complementary enterprises, depending on the 
region considered. The cross price elasticities are small 
relative to the direct price elasticity of eggs. The elimina­
tion of the price variable of a competitive livestock enter­
prise results in a partial transfer of the competitive price 
effect to the remaining competitive enterprises. The price of 
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farm chickens, when included conjointly with the price of 
eggs, tends to dominate the response effect in egg produc­
tion. However, elimination of the price of farm chickens 
results in an almost complete transfer of the response effect 
to the price of eggs, in current or lagged form. Table 24 
presents a regional comparison of elasticities of responses 
with respect to the current and lagged price received by 
farmers for eggs sold. For the United States the current 
price elasticity equals .1769 which is substantially smaller 
than the lagged price elasticity equalling .3307* With the 
exception of the South Atlantic States we find a lag distribu­
tion such that the lagged price effect is larger than the cur­
rent price effect, which is in accord with the traditionally 
strong pattern of seasonality in egg production. The total 
price elasticity for the United States equals .5076. The 
Western States have the lowest total price elasticity with 
.1582. The North Atlantic States have the highest total price 
elasticity with .7365» It is therefore apparent that statis­
tically significant differences exist in supply response in 
egg production between the six regions included in this study. 
Such differences are not in any apparent systematic manner 
related to important regional economic characteristics such 
as the distribution of the flock size, the number of eggs laid . 
per 100 layers on hand, the revenue per layer, the seasonal 
and between year variability and the egg-feed ratio. To the 
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Table 18. A regional comparison of elasticities of response 
with respect to the current and lagged price 
received "by farmers for eggs sold (figures in 
parentheses are standard errors of elasticities) 
Elasticity coefficient 
Current Lagged Total response 
price price induced by 
Region Equation of eggs of eggs price of eggs 
North Atlantic 
States 
18 .1948 
(.1053) 
.5417 
(.1138) 
.7365 
East North 
Central States 
19 .5 .1471 
(.0466) 
.2984 
(.0495) 
.4455 
West North 
Central States 
20 
.5 .2599 
(.0872) 
.3572 
(.0904) 
.6171 
South Atlantic 
States 
21 .5 .1675 
(.10.15) 
.0867 
(.1104) 
.2542 
South Central 
States 
22 .5 .1930 
(.0850) 
.3071 
(.0890) 
.5001 
Western States 23 .4 0 .1582 
(.0434) 
.1582 
United States 17. 5 .1769 
( .0614) 
.3307 
(.0658) 
.5076 
extent that the price elasticities and trend coefficients are 
substantially different between regions it is apparent that a 
disaggregated national model will result in improved predic­
tions, apart from the inferences which can be drawn from dif­
ferences in structural coefficients between regions. It is 
for these reasons that we would continue to recommend the 
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regional disaggregation of egg supply response relationships 
in the United States. 
I 
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SUPPLY BEIATIONSHIPS IN BBOILER PRODUCTION FOE THE 
UNITED STATES AND MAJOR REGIONS 
The broiler industry continues to be of growing relative 
importance in the poultry industry. During the period 1935 to 
1939 approximately 4.8 percent of farm cash income earned in 
the poultry industry originated from the broiler enterprise. 
In the period 1955 to 1959 this share had grown to 28.9 per­
cent. During the period 1935 to i960, broiler production in­
creased by more than 2000 percent, thereby achieving a rate 
of expansion unequalled by any other agricultural enterprise. 
Broiler production traditionally has been regionally special­
ized. In recent years the Atlantic States and South Central 
States accounted for 86 percent of United States production. 
The corresponding figure for the period 1935 to 1939 is 78 
percent. To some extent broiler production has become even 
more specialized in the later years of the past three decades. 
The industry development was marked by the entry of a large 
number of producers, particularly in the period after 19^ 5» 
In the early fifties entry became facilitated through vertical 
integration, whereby a feed company or a processing company 
provided the necessary capital and technological control 
necessary for a successful enterprise. 
The average number of broilers raised per producer has 
grown at a very rapid rate, facilitated by the widespread 
adoption of mechanical innovations which permit a larger 
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physical output per unit of labor. Broiler enterprises are 
commonly built around the full time employment of one laborer 
with some assistance provided by family labor. With suffi­
cient capital, one farm family can raise more than ten thou­
sand broilers per crop. Both capital and labor are used 
quite intensively in such operations. Consequentially smaller 
operators must operate under economically adverse conditions, 
both with respect to higher fixed costs and the costs of vari­
able inputs. Capital invested per man equivalent commonly 
exceeds 15»000 dollars. Feed costs in an efficient operation 
must average more than eighty dollars per hundred dollars 
gross sales to leave a reasonable compensation for labor used. 
The revenue and cost conditions during the past thirty years 
were subject to two major developments. The broiler-feed 
price ratio declined from an average of 15*17 in the late 
thirties to 8.38 in the late fifties, which was mainly due to 
a declining price for broilers. An offsetting development 
occurred with respect to feeding efficiency. In the early 
thirties an average of 51^ pounds of concentrates were re­
quired to produce 100 pounds of liveweight of broilers. Dur­
ing the period 1956 to i960 this average had declined to 261 
pounds feed fed per 100 pounds liveweight. A plethora of 
causal factors lies behind this development. Increasing 
specialization, improved disease control, specialized broiler 
type chicks and better quality rations are all of major 
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importance. Environmental conditions, of a mechanical nature, 
also played an important role. The disappearance of small 
scale producers also must have contributed substantially to 
improved feeding efficiency. Contract growing, which now 
accounts for a substantial part of production, resulted in the 
controlled introduction of up-to-date feeding and breeding 
practices and concentrated management ability on the important 
factors of economic efficiency. The broiler enterprise is a 
continuous operation; an average of 3 months is currently 
required to raise a broiler crop. The incidence of high fixed 
costs make it necessary to maintain full capacity throughout 
the year. It is not surprising therefore that the broiler 
enterprise, in contrast with the turkey and egg enterprise, 
shows very little seasonal variation in production. The vari­
ation between years is also less than in any other poultry 
enterprise, but this is partially explained by the dominant 
influence exerted by the very rapid rate of expansion in out­
put. The farm price for broilers consequently also fluctuated 
very little, but due to high cross price elasticities with 
respect to red meats, fluctuations in the supply of red meats 
exert a noticeable impact upon the variability of the farm 
price of broilers. The relatively small processing and dis­
tribution margin on broilers also contribute to price stabil­
ity. -
Published research on the supply response in broiler 
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production is quite limited. Available studies concern them­
selves with the supply response of farm chickens, which became 
of rapidly diminishing importance with the growth of the 
broiler enterprise. Hayami (43) utilized a time series anal­
ysis on both annual and monthly data and compared least squares 
estimates with estimates obtained from a just identified sys­
tem of equations. Mauldon (66) restricted his analysis to the 
use of ordinary least squares, but used a number of trans­
formations of the original observations. Since the broiler 
industry is capable of short run adjustments a justification 
would exist for the use of a statistical technique that allows 
the interdependence of equational disturbances. Hayami pro­
ceeded on that basis but obtained coefficients that were un­
reasonably large or of improper sign. Mauldon used first dif­
ferences of the actual observations and first differences of 
the logarithms of the actual observations. The signs of the 
coefficients contradicted expectations in most instances. 
Accurate information on inputs used in the broiler in­
dustry is not available. Since, however, feed costs are a 
major determinant of the profitability of the enterprise, it 
is probably meaningful to take the broiler-feed price ratio 
as a general index of profitability in the broiler enterprise. 
The U.S.D.A. publishes a broiler-feed ratio which is based on 
Chicago markets. The components used to construct this index 
are not representative of the ration generally fed in the 
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industry. Since the broiler enterprise is highly specialized 
virtually all feed fed is of a manufactured nature. It is a 
high quality ration containing a substantial percentage of 
digestible protein and high energy feeds. The composition of 
the ration varies with the feed price structure and geographic 
location of the feed manufacturer. Table 8 demonstrates sub­
stantial regional differences in the ration fed. The broiler-
feed ratio used in this study was therefore differentiated on 
a regional basis. The cost of the broiler ration was computed 
on a monthly basis by using the regional compositions as com­
puted in Table 8. Subsequently an annual weighted average 
was calculated by years and by regions. Despite the consider­
able computational burden involved in these calculations, it 
would appear that substantially better results were obtained 
than in using the less accurately defined index by Mauldon. 
Hayami developed a lagged adjustment model, which includ­
ed the lagged dependent variable among the independent vari­
ables. The estimates were contradicted expectations, conse­
quently no similar attempt was made in this study. Since the 
broiler crop can be raised in a three month period it is not 
reasonable to include inventory variables or lagged dependent 
variables. It is the longevity of the productive asset which 
should provide the justification for the inclusion of such 
variables. Due to the specialized ration of the broiler enter­
prise no strongly competitive relationships are observable 
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with other poultry enterprises. In fact, It would appear that 
the longer run economic developments are common to all poultry 
enterprises. Given the Inherent stability of the broiler 
enterprise it is not evident on an a priori basis whether the 
I 
inclusion of lagged price variables is meaningful. The re­
sults of the statistical analysis, however, seem to justify 
such a procedure. Mauldon suggested the Inclusion of the baby 
chick-broiler price ratio. It is doubtful however, whether 
the price of broiler chicks is a major determinant of broiler 
profitability. The price of broiler chicks is determined both 
by the supply and demand for broiler chicks and the quality of 
the broiler chicks sold. Seasonally high prices for broilers 
do not therefore have a unique relation to the price of 
broiler chicks and vice versa. A simple plotting of broiler 
production reveals that it has grown at an approximately expo­
nential rate. This is not true for the independent variables 
that determine broiler production. We proceeded by taking the 
logarithms of the dependent variables, but introduced the 
independent variables in terms of actual observations. This 
gave good results in terms of statistically significant 
effects. The use of ratio variables results in an implicit 
deflation of prices, however a disadvantage of this approach 
is that both numerator and denominator are credited with equal 
weight. There is good reason to believe that the price of 
broilers is proportionately more Important than the price of 
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feed. Both Hayami and Mauldon include an index of feed-
conversion efficiency as an independent variable. Such an 
inclusion is warranted only if the index can be secured with 
sufficient accuracy. On a year-to-year basis this index must 
be subject to a considerable observational error. Such in­
dexes can be constructed from Jennings' pioneering study (47). 
But these data are themselves subject to a substantial error, 
as is emphasized by the author. Hence it will be more expe­
dient to use a simple time trend, although such a trend is 
devoid of any immediate economic interpretation. Generally 
the inclusion of a simple trend proved to be superior to the 
inclusion of the index of feed conversion efficiency, both in 
terms of expected signs and statistically reliability. The 
• 1 
inclusion of a simple time trend also serves as an approximate 
device for inter-regional comparisons in the rate of techno­
logical progress. 
For purposes of statistical analysis we define the fol­
lowing variables; 
Total number of broilers produced, year t, in 
thousands. 
Xz Logio of the total annual production of broilers, 
in millions of pounds liveweight, divided by log^ ge, 
year t. 
Xo Total number of pounds liveweight realized per 100 
pounds of concentrate, year t. 
Xif, Broiler-feed price ratio, year t. Price received 
by farmers for broilers marketed, in cents per 
pound liveweight, divided by the cost of the 
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representative poultry ration, in dollars per 
hundredweight. (See Table 18) 
X5 Xij, lagged by one year. 
X5 Time, 1934 = i. 
Xn Egg-feed price ratio, year t-i. Price received by 
farmers for eggs sold, in cents per dozen divided 
by the cost of the representative poultry ration, 
in dollars per hundredweight; year t-1. (See 
Table 18) 
The above notation of variables has been consistently carried 
through for both the United States and major regions included 
in this study. 
Table 19 summarizes the results obtained in estimating 
broiler production for the United States and major regions. 
Equations 19-1 through 19*8 relate to the analysis for the 
United States. In equation I9.I we include the index of feed 
conversion efficiency Xj and the current broiler feed ratio. 
The multiple coefficient of determination is relatively low in 
this relationship. We obtain however an inappropriate sign 
for the broiler feed ratio and reject equation I9.I and 
equation 19«2 on that basis. 
In equation 19*3 we include the current broiler-feed 
ratio ]%, the lagged broiler feed ratio and a simple time 
variable X5. The coefficient of multiple determination equals 
98.1 percent, and all of the three variables have statistical­
ly significant effects. An increase of one percent in the 
current broiler feed ratio X^  Increases the dependent variable 
Table 19. Total United States and regional production of broilers X2, 1934 to 
i960, showing regression coefficients with standard errors, levels of 
significance and mean elasticities; data used are actual observations* 
Equa-
tlon Region Constant X2 X3 X4 X5 %6 X7 
19.1 United 
States 
.852 5.768 d. .111 
(.034) 
.01 
-.176% 
(.063)0 
.014 
(-.2923)® 
19.2 United 
States 
.852 6.032 d. .107 
(.042) 
.01 
-.171 
( .068) 
. .01 
( 
-.015 
(.075) 
N.S. 
-.0253) 
19.3 United 
States 
.981 3.278 d. .035 
(.029) 
.30 
(.0581) 
.057 
(.025) 
.05 
(.0962) 
.188 
( .013) 
.001 
19.4 United 
States 
.853 5.317 d. .114 
(.035) 
.01 
-.176 
(.064) 
.02 
(-.2923) 
( 
( 
.024 
.053) 
N.S. 
.0558) 
84.-denotes dependent variable; N.S.-not significant at the 40 percent level. 
bRegression coefficient, 
cStandard error. 
L^evel of significance. 
®Mean elasticity. 
Table 19. (Continued) 
Equa-
tion Region R Constant X2 X3 
19.5 United .981 3.234 d. 
States 
19.6 United .980 3.74? d. 
States 
19.7 United .981 3.278 d, 
States 
19.8 United .979 3-555 d. 
States 
19.9 North .912 6.533 d. .064 
Atlantic (.027) 
States .05 
19.10 North .967 3.925 d. 
Atlantic 
States 
19.11 North .967 3.883 d. 
Atlantic 
States 
X4 X5 X6 X7 
.036 
(.030) 
.30 
( .0598) 
.051 
(.031) 
.20 
(.0861) 
.187 
(.014) 
.001 
.007 
(.024) 
N.S. 
(.0156) 
.059 
(.031) 
.10 
( .0996) 
.177 
(.011) 
.001 
.004 
( .023) 
N.S. 
( .0089) 
.035 
(.029) 
.30 
(.0581) 
.057 
(.025) 
.05 
( .0962) 
.188 
(.013) 
.001 
.046 
(.031) 
.20 
( .0764) 
.175 
(.012) 
.001 
.029 
( .020) 
.20 
(.0647) 
— .285 
(.060) 
.001 
-.5970) 
-.021 
.(.036) 
N.S. 
(-.0738) 
-.003 
(.059 
N.S. 
-.0063) 
-.094 
(.065) 
.20 
(-.2014) 
.119 
(.025) 
.001 
.028 
(.027) 
.40 
(.0984) 
-.009 
(.063) 
.20 
(-.2035) 
.119 
(.019) 
.001 
.028 
( .026) 
.40 
(.0984) 
Table 19. (Continued) 
Equa-
tlon Region Constant X2 Xc 
19.12 North .966 3.913 d. . 
Atlantic 
States 
19.13 East North .853 3.182 d. .096 
Central (.026) 
States .01 
19.14 East North .950 2.572 d. 
Central  ^
States ' 
19.15 East North .950 2.427 d. 
Central 
States 
19.16 East North .949 2.489 d. 
Central 
States 
19.17 West North .820 -1.272 d. .173 
Central (.032) 
States .001 
19.18 West North .928 .898 d. 
Central 
States 
X4 X5 X6 *7 
-.060 
(.054) 
.30 
(-.1285) 
.126 
( .018) 
.001 
-.130 
(.043) 
.01 
(-.3476) 
.007 
(.043) 
N.S. 
( .0229) 
-.009 
(.033) 
N.S. 
(-.0241) 
.006 
(.038) 
N.S. 
(.0163) 
.126 
(.016) 
.001 
.014 
(.033) 
N.S. 
(.0459) 
.004 
(.036) 
N.S. 
(.0109) 
.129 
(.013) 
.001 
.016 
( .032) 
N.S. 
( .0524) 
.015 
(.028) 
N.S. 
(.0407) 
.131 
(.011) 
.001 
-i067 
(.055) 
.30 
(-.2325) 
.042 
(.052) 
N.S. 
(.1673) 
.001 
(.042) 
N.S. 
(.0035) 
.021 
(.041) 
N.S. 
(.0734) 
.163 
(.016) 
.001 
.008 
(.038) 
N.S. 
(.0319) 
Table 19» (Continued) 
Equa-
tion Region Constant X2 X3 
19.19 West North .928 .898 d. 
Central 
States 
19.20 West North .928 ,960 d. 
Central 
States 
19.21 South .836 6.186 d. .068 
Atlantic (.034) 
States .05 
19.22 South .947 3-564 d. 
Atlantic 
States 
19.23 South .947 3.336 d. 
Atlantic 
States 
19.24 South .945 3.663 d. 
Atlantic 
States 
19.25 South 
Central 
States 
.907 -.807 d. .207 
(.033) 
.001 
X4 X5 X6 Xy 
.021 .163 
( .036) (.013) 
N.S. .001 
(.0734) 
.025 .163 
(.031) (.013) 
N.S. .001 
(.0873) 
-.018 .108 .180 
(.055) (.092) (.037) 
N.S. .30 .001 
(-.0290) (.1775) 
.110 .186 
(.089) (.031) 
.30 .001 
( .1808) 
-
.035 .159 
(.049) (.015) 
N.S. .001 
(.0575) 
.008 
(.037) 
N.S. 
( .0319) 
-.281 .060 
(.071) (.054) 
.001 .30 
(-.4524) (.1453) 
-.050 
(.056) 
N.S. 
(-.1211) 
-.054 
( .054) 
.40 
(-.1308) 
-.094 .076 
(.068) (.059) 
.20 .20 
(-.1948) (.1987) 
Table 19* (Continued) 
Equa­
tion Region R2 Constant X2 X3 X4 X5 X6 X7 
19.26 South 
Central 
States 
.984 1.366 d. .045 
(.036) 
.30 
(.0933) 
.008 
(.037) 
N.S. 
( .0168) 
.208 
(.013) 
.001 
.029 (.030) 
.40 
(.0758) 
19.27 South 
Central 
States 
.983 1.829 d. .030 
(.033) 
.40 
( .0630) 
.201 
(.012) 
.001 
.020 
(.030) 
N.S. 
(.0523) 
19.28 South 
Central 
States 
.982 1.917 d. .041 (.028) 
.20 (.0861) 
.205 
(.009) 
.001 
19.29 Western 
States 
.801 .827 d. .138 
(.054) 
.02 
-.173 (.115) 
.20 
(-.4618) 
.080 
( .070) 
.30 
(.2997) 
19.30 Western 
States 
.953 .371 d. .025 (.062) 
N.S. 
(.0466) 
.080 
(.079) 
.40 
(.2198) 
.187 (.021) 
.001 
-.001 
(.047) 
N.S. 
(-.0037) 
19.31 Western 
States 
.953 .588 d. .094 (.070) 
.30 
(.2582) 
.183 (.018) 
.001 
-.004 
(.045) 
N.S. 
(-.0150) 
19.32 Western 
States 
.953 .586 d. .090 
(.048) 
.10 
(.2472) 
.182 
(.015) 
.001 
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X2 by .0581 percent. It should be borne in mind that X2 is 
defined as a logarithmic transformation of annual broiler pro­
duction. There is no simple correspondence between elas­
ticities defined for variable X2 as in this study and its 
counterpart in arithmetic terms. The response effect of the 
lagged variable is more important than the response of the 
current broiler-feed price ratio Xi^ , 
In equation 19«6 we include the lagged broiler-feed ratio 
X^ , a simple trend variable X5 and the lagged egg-feed price 
ratio Xy. The coefficient of multiple determination equals 
98.0 percent. An increase of one percent in the lagged 
broiler-feed ratio X^  increases variable X2 by .0996 percent. 
This price effect is statistically significant. An increase 
I 
of one percent in the lagged egg-feed ratio Xy increases vari­
able X2 by .0089 percent. This effect is not statistically 
significant, but it indicates that broiler production and egg 
production, in the short run, tend to expand or contract simul­
taneously. In a sense, therefore, they should be considered 
complementary enterprises rather than competitive enterprises. 
Since equation 25.6 contains only predetermined variables, it 
Is apparent that for predictive purposes a recursive model is 
appropriate. 
In equation 19*7 we Include the current broiler-feed 
ratio Xjij,, the lagged broiler-feed ratio X^  and a simple time 
variable X5. The coefficient of multiple determination equals 
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98.1 percent, which indicates that no definite preference to 
a lagged model as in equation I9.6 can be given. All vari­
ables in this relationship are statistically significant. In 
equation I9.8 we reformulate equation 19«7 by excluding the 
lagged broiler feed ratio and including the lagged egg-feed 
ratio Xy. The coefficient of multiple determination in this 
•equation equals 97*9 percent. An increase of one percent in 
the current broiler feed ratio X^ , increases variable X2 by 
.0764 percent. All variables in this relationship are statis­
tically significant. 
For purposes of prediction and use in policy models, we 
would give preference to equations 19.6 and 19•7» 
The North Atlantic States 
Broiler production in the North Atlantic States increased 
more than sixteen fold over the past twenty years. Despite 
the very rapid rate of growth of broiler production in this 
region, its national share declined from 14.9 percent in the 
late thirties to 11.0 percent in the late fifties. This area 
is characterized by a favorable cost and revenue structure in 
egg,production, due to the proximity of markets and the gen­
erally large scale production units found in this area. Egg 
production expanded at a much slower rate than broiler produc­
tion. Equations 19*9 through 19*12 present the results ob­
tained for this region. In all cases the coefficient of 
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multiple determination is quite satisfactory. Both the cur­
rent "broiler-feed ratio and the lagged broiler-feed ratio 
have improper signs, even though such effects are statis­
tically significant. This phenomenon is restricted to this 
particular group of states. No satisfactory reason can be 
given for the improper signs obtained. 
The East North Central States 
Broiler production in this group of states increased more 
than ten fold in the past twenty-five years. Prom an initial 
8.3 million pounds in the late thirties, production increased 
to more than 87.2 million pounds in the late fifties. The 
national share of this region declined from 11.8 percent in 
the late thirties to 6.0 percent in the late fifties. The 
region is more important in egg production and turkey produc­
tion than in broiler production. Equations 19*13 through 
19.16 summarize the results obtained. In equation 19*13 we 
observe that the inclusion of the feed conversion efficiency 
index Xj results in lower coefficient of multiple determina­
tion than the inclusion of the time trend variable X^ , as in 
equation 19*14. The response effect of the current broiler-
feed price ratio X4 contradicts expectations. In equation 
19.13 we exclude variable X3. The response effect of the 
lagged broiler-feed ratio X^  has the expected sign, but is not 
statistically significant. The lagged response effect X^  is 
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I 
smaller than the current response effect Xij,. Equation 19.15 
is completely recursive. It includes the lagged "broiler-feed 
price and the lagged egg-feed ratio Xr,. The coefficients 
in this equation all have the expected sign, but the price 
response effects are not statistically significant. In equa­
tion 19.16 we exclude the lagged egg-feed price ratio Xy. 
Since this variable was not significant in the previous equa­
tion, no deterioration in the coefficient of multiple deter­
mination results. All variables in this equation have the ex­
pected sign, but it is apparent that the trend variable is 
the dominant variable among the independent variables. How­
ever, for purposes of short run predictions this type of equa­
tion can be quite useful. 
The West North Central States 
Broiler production in this group of states increased from 
2,5 million pounds in the late thirties to 44.0 million pounds 
in the late fifties. This region has therefore shown a rate 
of increase which is close to the national average. Its 
national share in broiler production in the late fifties was 
only 3.0 percent. This region has historically produced 27 
percent of United States egg production and 26 percent of 
United States turkey production. It is therefore difficult to 
explain why this region is of only minor importance in broiler 
production. Proximity to markets is more of a prerequisite 
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in egg production than in broiler production, furthermore the 
production technology between poultry enterprises is largely 
interchangeable. Equations 19.I7 through 19.20 present the 
results obtained for this region. In equation I9.I7 we ob­
serve that the coefficient of the current broiler-feed ratio 
is of improper sign. In equation 19.18 we reformulate 
equation 19*17 by substituting a simple trend variable X5 for 
variable X/|,. The coefficient of multiple determination in­
creases substantially. The coefficients in this equation all 
have the proper sign, but all price coefficients are statis­
tically non-significant. In equation I9.19 we exclude the 
current broiler-feed price ratio X/^ . This does not substan­
tially alter the results obtained in the previous equation. 
The coefficient for the lagged egg-feed price ratio is posi­
tive, indicating a complementary relationship rather than a 
competitive relationship between broiler production and egg 
production. If we subsequently exclude the lagged egg-feed 
ratio Xy, no change in the coefficient of multiple determina­
tion is observable. Equation 19.20 is completely predeter­
mined in terms of the independent variables and is well suited 
for predictive purposes and policy models. When we calculate 
the standardized regression coefficients we observe the 
dominance of the trend variable among the independent vari- . 
ables. 
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The South Atlantic States 
Broiler production in this region increased from 32.6 
million pounds in the late thirties to 632.4 million pounds 
in the late fifties; the national share for this region de­
clined from an initial 46.4 percent to 43.4 percent in the 
late fifties. The area produces approximately 8 percent of 
U.S. egg production. It is somewhat more important in turkey 
production than in egg production. Broiler production how­
ever, is the major poultry enterprise in this region. (Equa­
tions 19*21 through 19.24 summarize the results obtained for 
this group of states. From equation 19*21 we observe that the 
current broiler-feed ratio X/j, has an improper sign, however 
its effect relative to the lagged response effect is small. 
The latter effect is statistically significant. Thé coeffi­
cient of the lagged egg-feed price ratio is negative, indi­
cating that broiler production and egg production are competi­
tive. The coefficient of multiple determination equals 94.? 
percent. In equation 1^ .23 we formulate a relationship which 
contains only predetermined variables among the independent 
variables. The coefficients in this relationship have the ex­
pected signs, and are all of a reasonable magnitude relative 
to their standard errors. In equation 19.24 we exclude the 
lagged egg-feed price ratio Xy. The coefficient of multiple 
determination remains at 94.? percent. The response effect of 
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the lagged broiler-feed price ratio is not statistically 
significant. For purposes of prediction we would prefer equa­
tion 19.24. 
The South Central States 
Broiler production in this group of states increased from 
11.8 million pounds in the late thirties to 456.6 million 
pounds in the late fifties. This marks a more than 42 fold 
increase in production, the rate of increase in this region is 
almost double that of the South Atlantic States and almost a 
quadruple of the rate of expansion in the East North Central 
States. In national share it increased from I6.9 percent in 
1935-1939 to 31*4 percent in I956-I96O. In terms of actual 
production, the South Atlantic .States are still more important 
than the South Central States. Egg production in the South 
Central States increased by I6 percent over a thirty year 
period, which is below the national average. The South Central 
States therefore increasingly specialize in broiler production. 
Equations 19«25 through 19.28 summarize the results obtained 
for this region. In equation 19.26, all variables have the 
expected sign, except the lagged egg-feed ratio X-p, which has 
a positive coefficient. The current broiler feed ratio JQj, has 
a coefficient which is statistically significant at the thirty 
percent level. The response effect of the lagged broiler-feed 
ratio X^  is not statistically significant. The coefficient of 
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multiple determination equals 98.4 percent. In equation 19«2? 
we exclude the current broiler-feed ratio Xij,» which results 
in a transfer of the current response effect onto the lagged 
response effect of variable X^. The coefficient of variable 
is statistically significant. The coefficient of the 
lagged egg-feed ratio Xy indicates a complementary relation­
ship between broiler production and egg production. Subse­
quently we exclude variable Xy with no effect on the coeffi­
cient of multiple determination. The coefficient of the 
lagged broiler feed ratio is significant at the five percent 
level. It would appear that equation 25«27 is best suited 
for purposes of prediction. 
The Western States 
This region comprises both the Mountain States and 
Pacific States. Particularly the Mountain States derive very 
little of their farm cash income from the sale of poultry 
products, and proportionately even less from the sale of 
broilers. Broiler production in the Western States increased 
from 4.6 million pounds in 1935 to 1939 to approximately 75*6 
million pounds in 1955 to 1959• Its share in national produc­
tion declined from an initial 6.5 percent to 5*2 percent in 
recent years. Eggs are the more important poultry enterprise 
in this region. Equations 19.29 through 19.32 summarize the 
results obtained. The coefficients of multiple determination 
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are quite high in all equations. The variables in equation 
19.30 all have the appropriate sign. Egg production is com­
petitive with broiler production, since the sign of the lagged 
egg-feed ratio is negative. This effect however is not 
statistically significant. The response effect of the current 
broiler-feed ratio X/j. is small relative to the response effect 
of the lagged broiler feed ratio X^ . The coefficient of vari­
able is statistically significant at the five percent level. 
In equation 19*31 we exclude the current broiler-feed ratio 
X^ j. The response effect of variable Xi|, is partially trans­
ferred to the lagged variable X^ . Equation 19•31 is com­
pletely predetermined in the price variables. In equation 
19.32 we exclude the lagged egg-feed price ratio Xy. This 
does not substantially affect the coefficient of variable X^ , 
but the response effect becomes now statistically significant. 
For purposes of prediction, equation 19*32 appears as most 
appropriate. 
Summary 
Annual production of broilers in the United States ex­
panded from 70.4 million birds in the late thirties to 1^ 55*9 
million birds in the late fifties, thereby achieving a rate of 
growth unparallelled by any other agricultural enterprise over 
that same period. Broiler production was regionally concen­
trated from its inception and has become increasingly region­
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ally specialized ever since. In 195^  to i960 the South 
Atlantic States and South Central States accounted for 7^ .8 
percent of United States production. The broiler-feed ratio 
declined from an average of 15.2 in the late thirties to 8.4 
in the late fifties, but this development was offset by the 
very rapid decrease! in the amount of concentrates fed per 100 
pounds of broilers produced. A number of supply relationships 
were formulated for each region. The coefficients were uni­
formly high due to the low annual variability in production 
and the very rapid rate of expansion in production. The cur­
rent response effect of thé broiler-feed.price ratio was not 
statistically significant, except for the United States. The 
lagged response effect of the broiler-feed ratio was signifi­
cant for the Western States and the United States only. The 
coefficients of response which appear in Table 20 should not 
be interpreted as ordinary elasticities because of the log­
arithmic definition of total broiler production. However a 
comparison of such coefficients between regions can usefully 
serve as a measurement of relative response to the broiler-
feed ratio. For the North Atlantic States the total response 
coefficient equals -.2077, which is inconsistent with a priori 
expectations. The largest response coefficient is obtained 
for the Western States with .2664. The total response 
coefficient for the South Atlantic States equals .2065. The 
total response coefficient for the South Central States equals 
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Table 20. A comparison of regional response in broiler 
production with respect to the current and lagged 
broiler-feed price ratio, 1931 to i960 (figures 
in parentheses are standard errors of elas­
ticities) 
Current Lagged Total response 
broiler broiler to broiler 
Begion Equation feed ratio feed ratio feed ratio 
North Atlantic 
States 
25 .10 -.0063 
(.0126) 
-.2014 
(.1386) 
-.2077 
East North 
Central States 
25 .14 -.0241 
(.8860) 
.0163 
(1.032) 
-.078 
West North 
Central States 
25 .18 .0035 
(.1471) 
.0734 
(.1433) 
.0769 
South Atlantic 
Stages 
25 .22 .0290 
(.0887) 
.1775 
(.1513) 
.2065 
South Central 
States 
25 .26 .0933 
(.0746), 
.0168 
( .0778) 
.1101 
Western 
States 
25 .30 .0466 
(.1156) 
.2198 
(.2190) 
.2664 
United 
States 
25. 7 .0581 
(.0481) 
.0962 
(.0421) 
.1543 
.1101. Since these two regions account for 75 percent of 
national production it is logical that the United States 
response coefficient should lie between these two limits. We 
observe that the total response coefficient for the United 
States equals .1543, which is in accordance with expectations. 
The standard errors of elasticity are large relative to the 
response coefficients, except for the United States. Never­
193 
theless, statistically significant differences between regions 
I 
are apparent. Broiler production appears to be complementary 
with egg production for the United States, but the cross price 
elasticity is not statistically significant. A complementary 
relationship between broiler production and egg production 
prevails for all regions except the South Atlantic States and 
Western States. For both these regions the crossprlce elas-i 
tlcities are significant. To the extent that the price elas­
ticities and trend coefficients are substantially different 
between regions it is apparent that a disaggregated national 
model will result in improved predictions, apart from the in­
ferences which can be drawn from differences in structural 
coefficients between regions. It is for these reasons that 
I 
we would continue to recommend the regional disaggregation of 
broiler supply response. 
The Supply of Farm Chickens 
This study covers the period 1930 to i960. In the first 
half of these years farm chickens were the most important 
source of poultry meat available to the consumer. As recently 
as 19^ 5 the production of farm chickens was more than triple 
the production of broilers. However, in 1951 the production 
of broilers was approximately equal to the production of farm 
chickens. In i960 the production of broilers was more than 
six times as large as the production of farm chickens. Since 
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19^ 5 the production of farm chickens declined, while broiler 
production continued its rapid expansion begun in the late 
thirties. Farm chickens are primarily a byproduct of the egg 
enterprise, and hence a substantial proportion of farm 
chickens consists of culled layers. However, in particular 
before the adoption of sexed chicks and the increased competi­
tion from broilers, farmers used to raise a considerable num­
ber of cockerels, which supplied a younger and more tender 
type poultry meat in addition to the fryer type farm chicken 
which was largely composed of culled layers. The estimation 
of a supply response curve for farm chickens would be largely 
a matter of historical interest were it not that the study of 
the demand for poultry products must include this important 
component. In the early thirties farm chickens accounted for 
32.9 percent of farm cash income. Income from eggs accounted 
for 59«5 percent in that same period, emphasizing the impor­
tance of farm chickens as a source of farm income. However, 
in the period 1955 to 1959» this percentage had declined to 
5.6 percent, whereas.the share of farm cash income derived 
from the sale of eggs remained at 55*0 percent. In more 
recent years, therefore, the revenue realized from the dis­
posal value of farm chickens has become less of a factor in 
the operation of a profitable egg enterprise. Past research 
in this area has been reported by Cromarty (18) and Fisher 
(29); however, in both these studies broiler production and 
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the production of farm chickens were aggregated. The desir­
ability of such a procedure is rather dubious since the 
I 
product is distinctly differentiated, and certainly the 
broiler enterprise merits to be analyzed separately from the 
egg enterprise. We proceeded with the use of ordinary least 
squares in the actual observations. No attempt was made to 
test for structural change over this period. Since farm 
chickens are to a considerable extent a necessary byproduct in 
the egg enterprise, there appears to be little merit in such a 
procedure. In this analysis we decided to use inventory vari­
ables among the independent variables. Given the seasonal 
purchase pattern in layer type chicks and the relatively short 
productive life of layers an annual weighted average of the 
number of layers on farms should specify with considerable 
accuracy the number of layers to be sold as cull-type farm 
chickens. The weights in this average were computed from the 
January 1 Inventory, which presents a breakdown of chickens by 
age and type. Since in the earlier years a considerable num­
ber of cockerels were raised and sold as farm chickens, we 
took account of this component by including the category 
"other chickens" obtained from the October 1 poultry inventory. 
Prices received by farmers for chickens sold were included to 
complete the variable specification. 
For purposes of statistical analysis we define the fol­
lowing variables; 
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Total farm chickens produced, in million pounds 
liveweight, year t. 
X2 Weighted average of annual number of layers on 
hand, in thousands, year t. X2t == Wt • Lt + 
(1 - W't)Iit-l where is the ratio of the number 
of pullets of laying age divided by the number of 
the total chickens of laying age, January 1, year t, 
where is the average annual number of layers on 
farms, in millions, year t. 
Xq Total number of "Other Chickens" on farms, October 
1, year t. 
Xij. Prices received by farmers for farm chickens sold, 
in cents per pound liveweight, year t. 
I 
X^  Variable X/j, lagged by one year. 
The above notation of variables has been consistently carried 
through for both the United States and the major regions in­
cluded in this study. 
Table 21 presents the results obtained in estimating the 
United States and regional production of farm chickens. In 
equation 21.1, all variables have the expected signs. A one 
percent change in the current price of farm chickens XZj, in­
creases supply by .2086 percent. An increase in the lagged 
price of farm chickens X^  increases production of farm 
chickens by .0986 percent. The distribution of the response 
effects indicates that the current farm price chickens is more 
important than the lagged response of that variable. In equa­
tion 21.2 we exclude variable X^ , the price elasticity of 
variable X^ , increases to .2272. This coefficient is statis­
tically significant. In equation 21.3 we exclude the prices 
Table 21. Total United States and regional production of farm chickens X^ , 1931 to 
i960, showing regression coefficients with standard errors and levels of 
significance; data used are actual observations 
Equa­
tion Region Constant 2^ 3^ X^  
21.1 .931 United States -87I.998 d.^  4.920% 12.51? 25.991 2.714 
(1.822)® (.884) (13.236) (12.099) 
.024  ^ .001 .10 N.S.® 
(.6836)1 (.4645) (.2096) (.0986) 
21.2 .931 United States -87I.913 d. 4.968 12.458 28.174 
(1.776) (.830) (8.807) 
.01 .001 .01 
(.6903) (.4623) (.2272) 
21.3 .904 United States -1799.728 d. 9.559 12.293 
(1.213) (.959) 
.001 .001 
(1.3281) (.4562) 
•^Denptes dependent variable. 
R^egression coefficient. 
S^tandard error. 
L^evel of significance. 
®Not significant at the 40 percent level. 
M^ean elasticity. 
Table 21. (Continued) 
Equa-
tion R Region Constant X2 X^ , X5 
21 .4 .810 North Atlantic 
States 
-87.175 d. 4.863 
(.805) 
.001 
(.6656) 
19.469 
(1.903) 
.001 
.( .5915) 
21 .5 .472 East North 
Central States 
-426.479 d. 12.782' 
(5.203) 
.05 
(1.7219) 
8.010 
(5.186) 
.20 
(.1598) 
21 .6 .918 West North 
Central States 
-283.532 d. 7.324 
(.923) 
.001 
(.9743) 
12.010 
(.862) 
.001 
(.4470) 
21 
.7 .870 South Atlantic 
States 
-87.345 d. 7.016 
(1.152) 
.001 
(.9325) 
10.219 
.761 
.001 
( .4468) 
21 .8 .931 South Central 
States 
-207.190 d. 7.517 
(.816) 
.001 
(1.1635) 
9.713 
(1.072) 
.001 
(.3875) 
21 .9 .466 Western States 91.458 d. 1.950 
(3.336) 
N. s. 
(.3405) 
4.618 
(4.052) 
.30 
(.1647) 
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as Independent variables, the coefficient of multiple deter­
mination now declines to 90.4 percent. Equations 21.4 through 
21.9 are of a similar structure as equation 21.3, but fitted 
successively for each of the major regions in this study. It 
can be seen that this type of equation was successful in most 
regions, except the East North Central States and Western 
States. It is likely that errors in the dependent and inde­
pendent variables are a cause for the relatively low coeffi­
cients of multiple determination obtained for these regions. 
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SUPPLÏ RELATIONSHIPS IN TUBKEY PRODUCTION FOR THE 
UNITED STATES AND MAJOR REGIONS 
The turkey enterprise continues to be of growing impor­
tance in American agriculture. Total United States production 
increased from 35*^  million pounds for the period 1941 to 19^ 5 
to 80.5 million pounds for the years I956 to i960. Production 
of turkeys expanded somewhat more rapidly than production of 
eggs, but neither of these enterprises comes close to the 
spectacular rate of growth in broiler production. The market­
ings of turkeys accounted for 5*9 percent of farm cash income 
in the poultry industry in the early thirties. This percent­
age has steadily increased over subsequent years, until it 
reached 10.5 percent in the period 1955 to 1959* There is a 
marked degree of regional specialization in turkey production. 
The West North Central States and Western States accounted for 
sixty percent of all turkeys produced in 1941 to I945. This 
share has declined to 56 percent in the period 1955 to 1959• 
To some extent then, regional specialization in turkey produc­
tion has decreased. The share of the North Atlantic States 
and South Central States has diminished substantially, such 
that in recent years these two regions accounted for only I6 
percent of national production. Both the South Atlantic States 
d^ East North Central States have gained in relative impor­
tance. In recent years these two regions accounted for 29 per­
cent of national production. All regions have expanded pro-
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I 
auction in the past thirty years, but the rates of growth 
between regions have been different. 
Turkey production is a specialized enterprise with few 
small flocks. Contract growing, restricted to agreements on 
market price, has become increasingly important in the last 
decade. The price of turkeys, however, has not become notice­
ably stabilized through contract farming. 
• I 
Production of turkeys is determined by the seasonal de­
mand for turkeys. Most of the turkey crop is marketed in late 
fall. However, with the increasing consumer acceptance of 
frozen poultry, turkey production is increasingly taking place 
on a year round basis. In contrast to broilers, turkeys are 
not marketed at unifprm weights. Toms are commonly marketed 
within 17 to 25 pounds. There has been a definite trend to 
market turkeys at heavier weights over the past thirty years. 
Hens are commonly marketed at 12 to 14 pounds. Institutional 
buyers prefer the heavier weight turkeys but individual con-
I 
sumers prefer the lighter weight turkeys. Breeding practices 
are increasingly geared to consumer preferences. In the early 
fifties this resulted in the introduction of light weight tur­
keys, the so called fryers. Peed conversion efficiency de­
creases with the weight of the bird, and hence some sensitiv­
ity to current prices may be expected to ezlst with respect to 
marketing weight. Turkey production is highly seasonal, which 
results in a high fixed cost per bird marketed. For heavier 
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weight birds, fixed costs are less than for lighter weight 
birds. More than six months are required to produce a bird at 
a marketing weight of 34 pounds. Combined with the seasonal 
demand for turkeys this would suggest that a recursive anal­
ysis of the turkey industry is quite appropriate. Peed costs 
average approximately 70 percent of total production costs. 
I 
The cost of the poult averages around 14 percent. Control of 
the blackhead disease made possible the increasingly larger 
flock size. However, even in recent years an average mor­
tality rate of 13 percent is not unusual. The Western States 
have a substantially lower mortality rate than the South Cen­
tral States. Regional differences in many of such measures 
of economic efficiency have narrowed since the early fifties. 
Production technology tends to become increasingly uniform and 
innovations of a biological or mechanical nature are now 
readily adopted in all regions. Differences in the cost of 
turkey feed will become increasingly important in determining 
regional comparative advantages. Proximity to the consumer 
market is not as important as proximity to areas where feed 
is relatively cheap. The revenue and cost situation in the 
turkey industry underwent two major developments over the past 
three decades. For the United States the turkey-feed price 
ratio declined from l6.6 to 10.7 in the late fifties. This 
reflected primarily a decreasing price for turkeys. The de­
cline in this ratio was not uniformly shared between regions. 
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The turkey-feed price ratio for the South Central States in­
creased 10 percent over the period 1930 to i960. With the 
exception of the South Atlantic States, feed importing regions 
registered the sharpest rate of decline in the turkey-feed 
price ratio. In the early thirties large regional differ­
ences existed in this ratio between regions. But such differ­
ences have become increasingly smaller with a consequent 
deterioration in regional comparative advantages, particularly 
for the North Atlantic States. The increase in the index of 
feed conversion efficiency partially offset the general de­
cline in the turkey-feed ratio. Turkeys require more feed per 
100 pounds liveweight than broilers and farm chickens. Never-
the less substantial gains in feed conversion efficiency were 
achieved through better management, better rations, and im­
proved breeding and disease control. In 1931 to 1935, 752 
pounds of feed were required to produce 100 pounds liveweight 
of turkey. For the period 1956 to I96O this figure had de­
clined to 44-2 pounds. The increase in feeding efficiency has 
I 
been substantial, but less than similar increases in the 
broiler industry. The gains in feeding efficiency were not 
sufficient to offset the decline in the turkey-feed ratio. 
Larger flocks will be necessary for obtaining a reasonable 
labor income and return on investment. Production of turkeys 
has varied substantially between years, much more so than any 
other poultry enterprise. Since the demand for turkeys is 
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inelasticf prices have fluctuated by a multiple of the vari­
ability in production. ' 
Published research on supply response of turkeys is not 
available, however both Hayaml and Mauldon have dealt with 
this topic in their studies. Both Hayami (U3) and Mauldon 
(66) used ordinary least squares on basis.of annual data. 
Mauldon experimented with various transformations of the 
original observations, but suggested that a simple analysis 
in the original observations yielded consistently better 
results than any attempted transformation of the original 
observations. Hayami used logarithmic analyses with satis­
factory results. Since the turkey industry is highly season­
al no a priori case can be made for the use of simultaneous 
equations. We therefore proceeded by using ordinary least 
squares on models with no current prices as independent vari­
ables. Our assumption is that the marketing weight of the 
bird is not influenced by the current turkey-feed ratio. 
Both Mauldon and Hayami arrived at inconsistent conclusions 
on this. Frequently a negative price elasticity was asso­
ciated with the current turkey-feed ratio, which contradicts 
expectations. Hayami observed a structural change for the 
United States between the prewar and postwar period. No 
rigorous statistical test was applied however. We applied a 
Koyck-Nerlove model to ascertain the long run elasticities on 
a regional basis. Such models were not necessary to obtain 
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a satisfactory coefficient of multiple determination. 
Accurate information on inputs used in the turkey indus­
try is not available. Farm management studies suggest that 
I 
feed costs constitute sixty percent of total production costs. 
It would appear that the turkey-feed price ratio is the major 
short run determinant in supply response given that available 
labor has a low opportunity cost. The major part of turkey 
feed fed is of manufactured origin. Prices of manufactured 
feeds are not readily available. The quality of manufactured 
feed is higher than that for homegrown feeds. Since accurate 
price information is not available on the former category, we 
have constructed an index of feed costs based on prices of 
I 
home grown feeds. This will tend to understate the real cost 
of production. The composition of the poultry ration varies 
between years and between regions. Mauldon (66), in a 
national study, constructed an index of feed costs by taking 
the annual components of the disposition of feed grains and 
multiplying these by annual prices received by farmers for 
feed grains. In this study we obtained fixed weights from 
Jennings (48) study for the feed year 1949 through 1950. Such 
weights can be obtained on a regional basis, but not for suc­
cessive years. Since substantial regional differences exist 
in the ration fed, it is important to obtain a corresponding 
variable specification. 
No inventory variables were included in the analysis of 
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turkey supply response. The majority of poults are bought 
throughout the first two quarters of the year, and hence the 
January 1 inventory of turkey hens and poults on hand is not 
a reliable predictor of turkey production in that year. A 
simple trend variable and an index of feed conversion effi­
ciency were used alternately. The index of feed conversion 
efficiency is not available on a regional basis and is subject 
to substantial error. In such cases a simple trend variable 
is equally useful, although devoid of any immediate economic 
interpretation. 
For purposes of statistical analysis we define the fol­
lowing variables: 
%% Total annual production of turkeys, in thousands, 
year t. 
X2 Pounds liveweight of turkey produced per 100 pounds 
of concentrates, year t. 
I 
Xj Turkey-feed price ratio, year t-1. Price of turkeys 
per pound liveweight, received by farmers, year t-1, 
divided by the cost of the turkey ration, in dollars 
per hundred-weight, year t-1. 
Time, 1930 = 1. 
Xc Egg-feed price ratio, year t-1. Price received by 
farmers per dozen of eggs, in cents, year t-1, 
divided by the cost of the poultry ration, in 
dollars per hundred-weight, year t-1. 
% Time, 1930 = 1 ... 19^ 5 = 15; 1946 = 0 ... i960 = 0 
Time, 1930 = 0 19^ 5 = 0 ; 1946 = 1 i960 = 15 
Xo Broiler-feed price ratio, year t-1. Price received 
by farmers for broilers, in cents per pound, year 
t-1, divided by the cost of the broiler ration, in 
dollars per hundred-weight, year t-1. 
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Xg Variable Xi lagged one year. 
The above notation of variables has been consistently carried 
out for both the United States and major regions, with the 
exception of variable X^ . For all major regions we define 
variable X^ : 
Xi Total annual production of turkeys, in thousand 
pounds liveweight, year t. 
Table 22 presents the results obtained for the United 
States. Equations 22.1 through 22.7 are estimated for the 
period 1931 to i960. Equation 22.8 is estimated for the 
period 1931 to 19^ 5 and equations 22.9 and 22.10 relate to 
the period 1946 to i960. 
In equation 22.1 we include the index of feed conversion 
efficiency X2 and the lagged turkey-feed ratio X^ . All vari­
ables have the expected signs, but the coefficient of multiple 
determination is relatively low. The price effect in this 
equation is not statistically significant. In equation 22.2 
we substitute a simple trend variable Xj(, for variable X2. The 
coefficient of multiple determination increases to 88.8 per­
cent. An increase of one percent in the lagged turkey-feed 
ratio increases current production by .0570 percent, this 
effect however is not statistically significant. In equation 
22.3 we reformulate equation 22.1 by including the lagged egg-
feed ratio X^ . An increase of one percent in the lagged egg-
feed ratio decreases current production by .4937 percent. 
Table 22. Total United States production of turkeys showing regression coefficients with 
standard errors, levels of significance and mean elasticities; data used are actual 
observations® 
Equa­
tion Years r2 Constant 2^ 3^ Xg Xy Xg 
22.1 1931 7860 -98166.298 d. 7Mt2.262 182.71^ % 
to (766.190) (711.722)° 
I960 .OOld N.S. 
(.0536)8 
22.2 1931 .888 5735.850 d. I87.8OI 2328.962 
to (629.365) (208.680) 
i960 N.S. .001 
(.0570) 
22.3 1931 .867-101995.850 d. 7221.715 81.8.583 -1369.228 
to ( 782.028) (III2.I167) (llkl.kk5) 
1960 .001 N.S. .30 
(.258) (-.ii937) 
22.4 1931 .953 -3965.U00 d. 319.323 1.0^ 5 
to (402.453) (.057) 
I960 N.S. .001 
(.097) 
3d.-denotes dependent variable; N.S.-not significant at the 40 percent level. 
^Regression coefficient. 
^Standard error. 
^Level of significance 
©Mean elasticity. 
Table 22. (Continued) 
Equa-
tion Years R Constant ^2 ^3 X5 Xy Xg 
22.5 1931 
to 
I960 
.964 -7687.943 d. 259.732 
(636.594) 
N.S. 
(.079) 
974.415 
(361.570) 
.02 
-306.399 
(681.623) 
M.S. 
(-.110) 
-388.388 
(276.118) 
.20 
(-.042) 
.722 
(.136) 
.001 
22.6 1931 
to 
I960 
.953 -3520.287 d. 433.793 
(708.201) 
N.S. 
(.132) 
-132.010 
(740.202) 
N.S. 
(-.048) 
-47.202 
(250.340) 
N.S. 
(-.006) 
1.043 
(.074) 
.001 
22.7 1931 
to 
I960" 
.953 -3275.783 d. 452.022 
(688.442) 
M.S. 
(.138) 
-168.240 
(701.413) 
N.S. 
(-.061) 
1.050 
(.062) 
.001 
22.8 1931 
to 
19h5 
.867 11178.510 d. 357.780 
(249.323) 
.20 
(.019) 
1461.791 
(165.325) 
.001 
22.9 1946 
to 
I960 , 
.959 -3364.030 d. 2245.263 
(1036.313) 
.05 
(.044) 
4662.183 
(375.859) 
.001 
22.10 1946 
to 
I960 
.825-145623.24 d. 9385.946 3110.978 
(2606.190)(3859.104) 
.01 M.S. 
(.061) 
-2997.244 
(4348.500) 
M.S. 
(-.014) 
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This effect is statistically significant. The negative co­
efficient for variable indicates that egg production and 
turkey production, in the short run, have a competitive rela­
tionship. An increase of one percent in the lagged turkey-
feed ratio increases current production by .258 percent. 
This elasticity relative to similar estimates obtained in 
equations 22.1 and 22.2 is too large. It is therefore quite 
likely that variables X^  and X^  are strongly intercorrelated, 
and hence no reliable estimates of the separate response 
effects of these variables can be obtained. 
Equation 22.4 is a simple lagged adjustment model in 
terms of the lagged turkey-feed ratio X^ . The coefficient for 
the lagged dependent variable Xg exceeds unity, which implies 
that the adjustment coefficient is negative. This situation 
can arise if the model is specified in terms of the lagged 
turkey-feed ratio, rather than the current turkey-feed ratio. 
In equation 22.5 we expand equation 22.4 to include a simple 
time trend X4, the lagged egg-feed ratio X^  and the lagged 
broiler feed ratio. The coefficient of multiple determina­
tion equals .964. An increase of one percent in the lagged 
turkey-feed ratio X^  increases current production by .079 per­
cent. The long run elasticity of this variable equals .284. 
An increase of one percent in the lagged egg-feed ratio X^  de­
creases current production by .110 percent. The long run 
elasticity of this variable equals -.396, indicating that sub­
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stantial shifts between the egg enterprise and turkey enter­
prise are possible. An increase of one percent in the lagged 
broiler-feed ratio Xy decreases turkey production by .042 per­
cent. The long run elasticity of variable Xy equals -.I5I. 
Both broiler production and turkey production appear to be 
competitive with turkey production. In equation 22.5, the 
price response effects of variables X^ , Xif, and X^  are not sig­
nificant at satisfactory levels. 
Equation 22.8 relates to the period 1931 to 19^ 5» An in­
crease of one percent in the lagged turkey-feed ratio increases 
current output by .019 percent. This effect is statistically 
significant, j^ quation 22.9 has a similar formulation as equa­
tion 22.8 but relates to the period 1946 to i960. An increase 
of one percent in the lagged turkey-feed ratio X^  increases 
production by .044 percent. It will be observed that this 
estimate is twice as large as the corresponding elasticity in 
equation 22.8. Since the two estimates differ by more than 
the standard error of elasticity of variable in equation 
22.9, we accept the hypothesis that the supply of turkeys has 
become more price responsive in the postwar years. In equa­
tion 22.10 we include the index of feed conversion efficiency 
X2 as a substitute variable for the simple trend variable X5. 
The coefficient of multiple determination declines substan­
tially, indicating that for predictive purposes, it is better 
to use variable X5. The elasticity coefficient of variable 
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equals .06l. Prom equations 22.1 through 22.8, it is 
apparent that price responsiveness in turkey production is 
quite low. For purposes of prediction we would suggest equa­
tion 22.9» since it is the simplest hypothesis which ade­
quately accounts for the historical developments in turkey 
production. However, the lagged adjustment model in equation 
22.5 can also be used for forecasting purposes. 
• I • 
The North Atlantic States 
I 
This region is an important producer of eggs, but un­
important in the production of turkeys. In 1956 to' i960, only 
4.5 percent of United States turkey production originated in 
this area. Production increased only 1.1 million pounds over 
a twenty year period. Equations 23.1 through 23.4 present the 
results obtained for this region. In equation 23.1 we have 
a simple lagged adjustment model in terms of the lagged 
turkey-feed ratio Xj» The price effect of variable X3 is 
statistically not significant. The corresponding elasticity 
coefficient equals only .003» The long run price elasticity 
of variable equals .06?» which is still quite small. Equa­
tion 23*2 includes the index of feed conversion efficiency X2. 
An increase of one percent in the lagged turkey feed ratio 
X^  increases production by .043 percent. This effect is 
statistically significant. Both of the foregoing equations 
were specified for the period 1931 to I96O. Subsequently, 
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Table 23. Total regional production of turkeys showing regression coefficients with standard errors, levels of significance and mean elasticities; 
data used are actual observations® 
Equa­
tion Region Tears R2 Constant % . ^2 X3 % ^6 X7 % 
23.1 Worth 
Atlantic 
States 
1531 to I960 ,951 2lt21.$60 d, 9g.938^ (%,668)( 
N,S.d ^ 
(.003)^ 
' 
,955 
(,069) 
.001 
23,2 North 
Atlantic 
States 
1931 to I960 .778 -60562.880 d. 
(l5o6.to) 
.001 
+1321.336 
(1099.771) 
.30 
(.01(3) 
23.3 North 
Atlantic 
States 
19lt6 to I960 
.W 7126.8611 d. +1722.359 
(5989,332) 
M.S. 
(.3150) 
"1355,9!% 
(588.157) 
, .05 
(-,9%) 
151(5.195 
(1556,075) 
,1(0 
792.570 
(7157.81(2) 
1I.S. 
(.0972) 
23.lt North 
Atlantic 
States 
19lt6tol960 .1# 9330,21^1 d. +1213.212 
(3661.1(22) 
, N.S. 
' (.2219) 
"I333.382 
(526,363) 
.05 
(.,9316) 
11(1(8.058 
(1226.155) 
.30 
23.$ East North 
Central 
States 
1931 to I960 ,983 "17226.1|U0 'd. 1192,700 
(81(0,877) 
.20 
(.1878) 
1,093 
(.0]9) 
.001 
23,6 East North 
Central 
States 
1931 to I960 .901» -3III1OI1.38 d. 21^79,855 
(1986.223) 
.001 
+1(79,719 
(1968,221) 
N.i'. 
(,0755) 
23.7 East North 
Central 
States 
191(6 to 1960 
.973 •15262.320 d. +3/16.380 
(1(152,906) 
N.S. 
• (,1(165) 
-13,268 
(658#) 
N.S. 
(-.0036) 
13003.107 
(1523.21(9) 
.001 
9%,270 
(#.823) 
.20 
(.6887) 
^d,-denotes dependent variable; H.S.-not significant at tiie liO percent level. 
degression coefficient. 
Standard error. 
^level of significance. 
®Hean elasticity. 
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Table 2}i (Continued) 
4A^Ua-
tion Region Years Constant % Ï2 X3 % % 
23.8 East North 
Central 
States 
1$ to I960 38100.333 d. 2^71.909 
(2395.191) 
.1(0 
(.2771) 
-522.135 
(5%.759) 
,kQ 
M 
11232.701 
(996.120) 
.001 
23,9 East North 
Central 
States 
151(6 to 1960 ,96!( 16602,280 d. 2i28.26l( 
(2372.1(78) 
.1(0 
(.2722) 
U536,569 
(926,028) 
.001 
23.10 #st North 
Central 
States 
1931 to I960 
.953 #57.100 d. 2080,720 
(1831,600) 
(,1398) 
1.119 
(,(%) 
.001 
23.11 West North 
, Central 
States 
1931 to I960 ' ,788 -571071.16 d. 1(0130,835 
(1(851(.128) 
.001 
1926.723 
(1(061.^3) 
M.S. 
[M] 1 
23.12 West North 
Central 
States 
191(6 to I960 ,925 -178982.950 d. 18808.170 
($68.81(5) 
.20 
(.8011) 
-662.71(2 
(7057.837) 
U.S. 
(-.2986) 
2861(2.738 
(1(210.281) 
.001 
1706.750 
(I6920.5lt7) 
IS. 
23.13 West North 
Central 
States 
191(6 to I960 ,926 -I72067.9W d. 19771.030 
(9858.895) 
.10 
(.W 
-622.39l( 
(6721.971) 
I.S. 
(-.2805) 
(3102.690) 
.001 
23.11i West North 
Central 
States 
191(6 to I960 ,926 -171187.81(0 d. 19128.216 
(670l(,556) 
.02 
. (.811(7) 
282l|0,566 
(%36,8W) 
,001 
23.15 South 
Atlantic 
States 
1931 to I960 .930 -6717.300 d. 87t.95l 
(1565,168) 
N,3, 
(.11(1(7) 
.985 
(.oâ() 
.001 
23.16 South 
Atlantic 
States 
1931 to I960 ,835 "315733.710 d. 20065.116 
(2175.253) 
.001 
1256,161 
(2511,683) 
N,S. . 
(.2078) 
2l4a 
Table 23. (Continued) 
tion Begion Tears f Constant Xj Xg X|^ ' X^ 
23,17 South 
Atlantic 
States 
1$ to I960 .701 
1 
21(581.920 d. #.1(30 
1 (15923,1(32) 
II,S. 
(.1(012) 
"8319,039 
(8053.760) 
.40 
(-1.0598) 
(52?l).5ii) 
,40 
-2683,720 
(19027,378) 
IS. 
(-.1857) 
23.18 South 
Atlantic 
States 
1$ to i960 .700 25298.860 d. +5863.1(50 
(10518.821) 
U.S. 
(,%W) 
"7851).857 
(7015.560) 
.30 
(-,9959) 
51)1)9.158 
(1(566,309) 
.30 
23.15 South 
Atlantic 
States 
1$ to I960 .666 7122,333 
t 
d. 1(1(30.572 
(5163.901)) 
N.S. 
(.1(190) 
9881(,392 
(2295.23l() 
.01 
23.20 South 
Central 
States 
1931 to i960 .700 17888,1(80 d. +522.31(0 
(1589,637) 
U.S. 
(.05%) 
1 
.901 
(.116) 
.001 
23.21 South 
Central 
States 
1931 to i960 ,587 "10332.I'3I' d. 7619,533 +31)10.187 
(1263.519) (#.958) 
.001 H.S. 
(,*%) 
23.22 South 
Central 
States 
I9I16 to i960 .875 -1(61(80.800 d. 7986,520 
. (7191,223) 
.30 
, (.71)38) 
-11(62.107 
(3185.631)) 
II.S. 
(-.1793) 
8807,860 
(2989,359) 
.02 
27,379 
If.S. 
(,0223) 
23,23 South. 
Central 
States 
191(6 to i960 
1 
.87I1 -3l(83l(.100 d. 91)96.1)1)0 
(1)823.1)27) 
.10 
(.8%) 
-1183.71)0 
(2912.832) 
H.S. 
(-.11)52) 
(1332.1)68) 
.001 
23,2l| South 
Central 
States 
191(6 to i960 .872 -31)575.206 d. 82 03.1(73 
W#ja) 
.05 
(.161(0) 
.001 
#&%8 
(901.001) 
23.25 Western 
States 
1931 to i960 
1 
.936 5762.500 d. 1(15.890 
(2301.176) 
M.S. 
(.021(2) 
1.005 
(.072) 
.001 
2l4b 
Table 23. (Contimed) 
tion Region Years Constant 
23.26 Western 
States 
23.27 Western 1$ to 19% .910 l65738.1|80 d. 
States 
23.26 Western l$to# .902 60l!i9,2^3 d. 
States 
23.29 Western # to I960 ,902 61732.193 d. 
States 
^3 ^6 4 
(3^7.083) 
M.S. 
(.0891) 
12881.590 ' 
(81|1|9.131) 
.20 
(#) 
1007.735 
(6629.1)98) 
I.S. 
(.#) 
• (#.275) 
.01 
-13336.670 
(11)653.153) 
.1)0 
(-.1)189) 
921)9,900 
(7389.212) 
.30 
(.%w) 
190.73!) 
(6517.000) 
I.S. 
(.0092) 
181)27,790 
(2506.1)80) 
.001 
9371.888 
(%1.98() 
.20 
161)23.626 
(2395.991) 
.001 
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we formulated equations 23-3 and 23.4 for the period 1946 to 
i960. The coefficients of multiple determination obtained for 
this period are inexplicably lower than for the period 1931 
to i960. Similar variable specifications for other regions 
were quite satisfactory. Due to a high degree of multicol-
linearity between the lagged turkey-feed ratio Xj and the 
lagged egg-feed ratio X^ , equations 23.3 and 23.4 did not 
yield any meaningful estimates for the elasticities of vari­
ables X3 and X^ . 
The East North Central States 
This region is of increasing importance in turkey pro­
duction. Production increased from 3*3 million pounds in the 
war years to 11.3 million pounds in the period 1955 to 1959. 
The region's share in the nation's production increased from 
9.3 percent to l4.1 percent over a twenty year interval. This 
region is more important in egg production than in turkey pro­
duction. Broiler production has increased at a slightly 
higher rate of growth than turkey production. Equations 23.5 
through 23.9 summarize the results obtained. The coefficients 
of multiple determination are all at a satisfactory level. 
Equations 23.5 and 23.6 are estimated for the period 1931 to 
i960. Equation 23.5 contains a simple lagged adjustment model. 
A one percent increase in the lagged turkey-feed ratio increas­
es current production by .1878 percent. This effect is statls-
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tically significant. The adjustment coefficient calculated 
from variable Xg is negative. We cannot therefore evaluate 
the long run elasticity of variable Xj in this equation. In 
equation 23*6 we include the feed conversion index X2* The 
coefficient of multiple determination declines to 90.4 per­
cent . An increase of one percent in the lagged turkey-feed 
ratio increases production by .0755 percent. Equation 23.8 
is estimated for the period 1946 to i960. An increase of one 
percent in the lagged egg-feed ratio decreases production by 
.l4l5 percent. The price response effects of variables Xj 
and are both statistically significant. In equation 23*9 
we formulate a very simple model containing only the turkey-
feed ratio Xj and a simple trend variable X5. An increase of 
one percent in the lagged turkey-feed ratio X^  increases cur­
rent production by .2722 percent. For purposes of predic­
tion, equation 23*9 is most appropriate. Again the simplest 
model seems to yield the better results. 
The West North Central States 
This region is very important in turkey production. For 
the period 1956 to i960, approximately 3I percent of all tur­
keys produced originated from this area. Production increased 
from 10.7 million birds in the early forties to 25.2 million 
birds in the late fifties. Egg production is a major competi­
tive enterprise in this region. Equations 23*10 through 23.14 
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summarize the results. Equation 23.10 is estimated for the 
period 1931 to i960. In this simple lagged adjustment model, 
we obtain a short run price elasticity of .1398 for the lagged 
turkey-feed ratio X^ . Due to the large adjustment coefficient 
of variable X3 we cannot evaluate the long run elasticity for 
variable Xj. Equation 23*11 is estimated for the period I93I 
to i960; it includes the index of feed conversion efficiency 
X2. The elasticity of variable X^  is similar to the estimate 
in equation 29*10 but the coefficient of multiple determina­
tion declines to 78.8 percent. In equation 23*12 we estimate 
a relationship for the period 1946 to i960. The production 
of broilers Xy appears to be complementary with the produc­
tion of turkeys in this region. Production of eggs X^  appears 
to be competitive with the production of turkeys. The cross 
price elasticities for either of these enterprises is fairly 
large. The price elasticity of the lagged turkey-feed ratio 
X^  equals .8011, indicating that turkey supply response since 
1946 has become more price responsive than in prewar years. 
Substantially the same elasticities for the lagged turkey-feed 
price ratio are obtained in equations 13 and 14. The coeffi­
cients of multiple determination remain at a satisfactory 
level. The very simple model in equation l4 is to be pre­
ferred for purposes of forecasting. 
218 
The South Atlantic States 
This region has shown a substantial growth in turkey pro­
duction over the last twenty years. Production increased from 
2.5 million birds in the early forties to 11.8 million birds 
in the late fifties. This corresponds to a rate of growth 
higher than for any other region. The region's relative share 
in turkey production increased from 7*2 percent in the early 
forties to 14.6 percent in the late fifties. Both broiler 
production and egg production are quite important in this 
area. Equations 15 through 19 summarize the results obtained 
for this group of states. Equation 15 represents a simple 
lagged adjustment model. Both coefficients have the expected 
signs and are of reasonable magnitude. In equation I6, we 
i 
include the index of feed-conversion efficiency X2' The 
coefficient of multiple determination equals 83.5 percent. 
A one percent change in the lagged turkey-feed price ratio 
changes current production by .2078 percent. Equation 17 is 
estimated for the period 1946 to i960. Both the lagged egg-
feed price ratio and the lagged broiler-feed ratio have nega­
tive coefficients. Particularly the cross price elasticity 
for the lagged egg-feed ratio (X^ ) appears to be large at 
-1.0548. The price elasticity of the lagged turkey-feed ratio 
equals .4012 but is not statistically significant. 
In equation 18 we exclude the variable X-p. The direct 
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price elasticity for variable Xo increases somewhat, but the 
I ^ 
cross price elasticity of the lagged egg-feed ratio remains 
at -.9959; this coefficient is statistically significant. The 
coefficient of multiple determination is 70.? percent which is 
rather low. In equation 19 we exclude the lagged egg-feed 
price ratio X^ . The coefficient of determinates now declines 
to 66.6 percent. A one percent change in the lagged turkey-
feed price ratio changes production by .4190 percent. It 
would appear that in this set of equations, number 18 is to 
be preferred. 
The South Central States 
This, region is of minor importance in the production of 
turkeys. Production increased from 5*8 million birds in the 
late fifties. This signified a rate of growth less than that 
for any other region included in this study. This group of 
states produced 10.4 percent of the nation's turkeys in 1956-
1960. Compared to the period 1940 to 1945 this signifies a 
decrease of almost six percent. Broiler products in this area 
are extremely important, and have shown a very rapid rate of 
growth. The economic conditions for turkey production in this 
region are quite favorable, but apparently did not bring about 
any comparable expansion as in broiler production. Equations 
20 through 24 summarize the results obtained. Equation 20 is 
a simple lagged adjustment model. All coefficients are of the 
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proper sign and are of reasonable magnitude. The price elas­
ticity of the lagged turkey-feed -price ratio is quite low, 
but the long run price elasticity is .55^ 0. Equation 21 in­
cludes the index of feed conversion efficiency Xo, the coeffi-
 ^ I 
cient of multiple determination in this equation however is 
quite low. All subsequent equations are estimated for the 
period 1946 to i960. Initially we include both egg production 
and broiler production as competitive or complementary enter­
prises. Broiler production appears to be competitive with 
turkey production, but the cross price elasticity of the 
lagged broiler-feed price ratio Xy is quite low, and statis­
tically not significant. Production of eggs is competitive 
with turkey production. A one percent change in the lagged 
egg-feed price ratio X^  decreases current production of tur­
keys by .1793 percent. The elasticity of the lagged turkey-
feed price ratio equals .7^ 38, indicating a fair degree of 
responsiveness to price in this area. In equation 23, we 
exclude the lagged broiler feed grain ratio Xy. The coeffi­
cient of multiple determination is 87percent. The direct 
price elasticity of variable X5 is increased somewhat, and 
the cross price elasticity for variable X^  declines to -.14^ 2. 
The direct price elasticity is statistically significant. 
Equation 24 represents a very simple recursive model, includ­
ing the lagged turkey-feed price ratio as the only price vari­
able. The coefficient of multiple determination remains at a 
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satisfactory level. A one percent change in the lagged turkey 
feed ratio increases current production by .7640 percent. 
This coefficient is statistically significant at the five per­
cent level. It would appear that equation 24 is the most 
acceptable of all relationships formulated for this region. 
The Western States 
I 
This region is important in turkey production. Produc­
tion increased from 10.6 million birds in the early forties 
to 20.1 million birds in the late fifties. Both egg produc­
tion and broiler production expanded at a faster rate over 
that same period. The regional importance of the Western 
States in turkey production declined from 29.8 percent in the 
early forties to 25.0 percent in the period I956 to i960. 
Equations 25 through 29 present the results obtained for this 
group of states. Equation 25 presents a simple lagged adjust­
ment model. The price elasticity of the lagged turkey feed 
price ratio Xj appears unduly small. The long run elasticity 
of variable Xj cannot be evaluated due to the very large 
adjustment coefficient of variable Xg. In equation 26 we in­
clude the index of feed conversion efficiency. The price 
elasticity of variable Xj appears as unduly low, as is also 
true for the coefficient of multiple determinates, which 
equals 86.7 percent. All subsequent equations are estimated 
for the period 1946 to i960. In equation 27 we include both 
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the lagged egg-feed ratio and the lagged broiler-feed ratio 
Xy. Broiler production appears to be competitive with turkey 
production. The cross price elasticity equals -.4189. Egg 
production appears to be complementary with turkey production 
in this region, but the coefficient is not statistically sig­
nificant. A one percent increase in the lagged turkey-feed 
price ratio increases current production by .43^ 3 percent. 
In equation 28 we exclude the variable Xy; both the direct 
price elasticity of variable Xj and the cross price elasticity 
for variable X^  now decline. The' coefficient of multiple 
determination is not substantially affected. In equation 29» 
we apply a simple recrusive model in this lagged turkey-feed 
price ratio X^ . The coefficient of elasticity of variable 
I 
Xj equals .3160. It would appear that equation 29 is best 
suited for prediction and policy models. 
Summary 
Annual production of turkeys in the United States ex­
panded from 35'4 million pounds in the early forties to 80.5 
million pounds in the late fifties. All regions shared in 
this growth but not proportionately. Both the South Atlantic 
States a.nd East North Central States increased their share of 
national production. The reallocation of production is small 
relative to the total expansion in production for each region. 
This expansion took place with strongly declining profitabil­
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ity conditions, as measured by the turkey-feed ratio. However 
an offsetting development occurred with respect to the decline 
in the amount of concentrates per unit of production. A num­
ber of recursive supply relationships were estimated for each 
region. The coefficients of multiple determination were gen­
erally satisfactory. Table 24 presents a comparison of re­
gional response in turkey production with respect to three 
product-factor price ratios. We observe that the elasticity 
of the turkey-feed ratio estimated for 1931 to i960 is uni­
formly smaller than the corresponding estimate for the period 
19^ 6 to i960. This indicates that the supply of turkeys has 
I become more price responsive in postwar years. The differences 
in price responsiveness between the periods 1931 to i960 and 
1946 to i960 are quite substantial. Hence for prediction pur­
poses postwar supply relationships should be used. The re­
sponse effect of the turkey-feed ratio is in all instances of 
proper sign, but not necessarily significant. The cross price 
elasticity for the egg-feed ratio are substantial in magnitude 
when measured relative to the own price elasticity of the 
turkey-feed ratio, but they are not always statistically sig­
nificant. The cross price elasticities with respect to the 
broiler-feed price ratio are positive with the exception of 
the Western States. This indicates that in the larger number 
of regions turkey production and broiler production tend to be 
complementary enterprises. The cross price elasticities of 
Table 24. A comparison of regional response In turkey production with respect 
to some product-factor price ratios (figures In parentheses are 
standard errors of elasticity) 
Region Period 
Turkey-feed Egg-feed Broiler-feed 
price ratio price ratio price ratio 
Equation t-1 t-1 t-1 -
North Atlantic 1931 to I960 
States 
29.2 
1946 to i960 29.3 
East North 
Central States 
West North 
Central States. 
1931 to i960 29.6 
1946 to i960 29.7 
1931 to i960 29.11 
1946 to i960 29.12 
South Atlantic 1931 to i960 
States 
29.16 
1946 to i960 29.17 
.0430 
(.0358) 
.3150 
(1.0956) 
.0755 
(.3097) 
.4165 
(.5326) 
.1294 
(.2728) 
.8011 
(1.0702) 
.2078 
(.4155) 
.4012 
(1.5057) 
N.A. 
-.9474 
(.4110) 
N.A. 
- .0036 
(.1787) 
N.A. 
-.2986 
(.3179) 
N.A. 
-1.0548 
(1.0210) 
N.A. 
.0972 
(.8788) 
N.A. 
.6887 
(1.0213) 
N.A. 
.5893 
(5.8441) 
N.A. 
-.1857 
(1.3168) 
Table 24. (Continued) 
Turkey-feed Egg-feed Broiler-feed 
price ratio price ratio price ratio 
Region Period Equation - t-1 t-1 t-1 
South Central 1931 to i960 29 .21 .3615 K.A. K.A. 
States (.1956) 
1946 to i960 29 .22 .7438 -.1793 .0223 
(.6697) (.3905) (.0758) 
Western States 1931 to i960 29, .26 .0891 N.A. N.A. 
(.2062) 
1946 to i960 29' .27 .4343 .0484 -.4189 
(.2849) (.3185) (.4600) 
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the broiler-feed ratio tend to be small relative to the own 
price elasticity of the turkey-feed ratio. The standard 
errors of the broiler-feed price ratio tend to be large rela­
tive to the expected mean elasticities. For the postwar " 
period we observe the largest elasticity of the turkey-feed 
price ratio in the West North Central States with .8011 and 
the smallest elasticity for the North Atlantic States with 
.3150. Due to the relatively large standard errors of elas­
ticity no statistically significant differences exist between 
regions. The cross price elasticity for the egg-feed ratio is 
I 
largest in the South Atlantic States with -1.05^ 8 and smallest 
in the East North Central States with -.OO36. Due to the large 
standard errors of the elasticities no statistically signifi­
cant differences between regions appear to exist. The cross 
price elasticity of the broiler-feed ratio is largest in the 
East North Central States with .6887 and smallest with -.4189 
for the Western States. Due to the large standard errors of 
the elasticity no statistically significant differences be­
tween regions are observable. 
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SUPPLY BELATIONSHIPS IN HOG PRODUCTION 
The Begional Location and Growth of Hog Production 
Hogs are an important source of farm cash income to 
United States farmers. Cash receipts from the sale of hogs in 
i960 were 2.9 billion dollars as compared to 7.4 billion dol­
lars earned in beef production. Total United States hog pro­
duction increased from 1^ .5 billion pounds liveweight in the 
early thirties to I9.4 billion pounds liveweight in the late 
fifties. This represents an increase of 3^ .6 percent over a 
twenty-five year period. During that same period, beef pro­
duction expanded by 114 percent and milk production expanded 
by 19 percent. Most of the increase in red meat production 
therefore did take place in beef production. Hog production 
expanded rapidly through the thirties and early forties, but 
the level of production has changed little since then, except 
for regular cyclical advances and declines in production. 
The regional distribution of hog production has been 
quite stable over the past thirty years. We observe the pre­
dominance of the East North Central and West North Central 
States. Historically these two regions have accounted at 
least for 75 percent of all pork produced in the United 
States. We also observe the very minor production of hogs in 
the Worth Atlantic States and Western States, Together these 
regions accounted for only 2.5 percent of production in the 
Table 25* Average annual production of hogs, by regions, 1930 to i960 (in 
million pounds liveweight) 
1931 to 1936 to 1941 to 1946 to 1951 to 1956 to 
Region J.935 1940 1945 1950 1955 i960 
North Atlantic 
States 
284.4  ^
(1.96)* 
362.5 
(2.45) 
434.9 
(2.10) 
386.3, ^ 
(2.04) 
359 
(1 
.2 
.86) 
298.6 
(1.54) 
East North 
Central States 
3992.4 
(27.52) 
4452.3 
(30.07) 
6050.4 
(29.26) 
5659.1 
(31.88) 
5955 
(30 
.0 
.91) 
6276.6 
(32.37) 
West North 
Central States 
7069.8 
(48.73) 
6211.4 
(41.95) 
9396.6 
(45.44) 
8715.0 
(45.96) 
9324 
(48 
.2 
.39) 
9156.0 
(47.22) 
South Atlantic 
States 
900.6 
(6.21) 
1087.6 
(7.34) 
1332.1 
(6.44) 
1312.4 
(6.92) 
1321 
(6 
.1 
.86) 
1375.1 
(7.09) 
South Central 
States 
1744.7 
(12.63) 
2064.9 
(13.94) 
2638.9 
(12.76) 
2318.0 
(12.23) 
1870 
(9 
.8 
.71) 
1892.3 
(9.76) 
Western 
States 
514.6 
(3.55) 
629.2 
(4.25) 
826.1 
(4.00) 
568.7 
(3.00) 
436 
(2 
.7 
.27) 
390.3 
(2.01) 
United States 14506.5 14807.9 20679.1 18959.4 19267 .0 19388.8 . 
&pata in parentheses are percentages of U. S. Total. 
I 
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late fifties. There is a close correlation between the loca­
tion of hog production and the location of feed grain produc­
tion. In the late fifties the Worth Central States accounted 
for 79 percent of all feed grains produced (expressed in terms 
of feed units), which corresponds almost exactly to the share 
of this region in total hog production. The South Central 
States and Western States accounted for 12.6 percent of all 
feed grains produced and accounted for 11.8 percent of national 
hog production. The major feed grain used is corn. According 
to Jennings (4?) corn accounted for 63«1 percent of all feeds 
fed to hogs. This percentage is somewhat higher for the 
period prior to 1940. In the Corn Belt States this figure is 
also somewhat higher due to the importance of corn as a crop 
in these states. In the South Central and Western States, 
other crops and feed grains tend to make up a larger propor­
tion of the ration. However, it would appear that the hog-
corn ratio will continue to be a representative index of the 
profitability of the hog enterprise, "particularly since the 
prices of other feed grains are closely linked with the prices 
of corn. 
In the postwar years the price of com did not always 
equal the free market price. Farmers had the alternative of 
selling corn to the government at a support price or feeding 
corn to hogs or cattle. Consequently, hog production has be­
come less sensitive to changing supplies of com, both because 
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of the expansion in beef production and the existence of 
government programs. With stable support prices for corn the 
price of hogs becomes more important as an economic indicator. 
The hog-corn ratio increased over the past thirty years 
by close to 43 percent over its initial average base in the 
early thirties. This increase is due_mostly to cheap feed 
grains. The East North Central States and West North Central 
States have traditionally had the most favorable hog-corn 
ratio. Particularly in the North Central States the expan­
sion of livestock production has taken place in terms of beef 
production. From the early thirties through the sepond world 
war, the beef-hog price tended to favor expansion of hog pro­
duction. . In the postwar years the beef-hog price ratio 
shifted in favor of beef production. Areas which relied pre­
dominantly on dairy cattle as a source of beef production did 
not share in this trend. 
Gains in feeding efficiency in hog production have im­
proved very slowly, if at all. In the early thirties 52? 
pounds of concentrates were required per 100 pounds liveweight 
of hogs. In the late fifties the corresponding figure was 530 
pounds of concentrates. Substantial variation in intervening 
periods is apparent. Part of this variation is due to errors 
in estimating feed consumption in hog production. Also, in 
periods of rapid expansion feed supplies are abundant and en­
courage a decline in feeding efficiency. 
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Production per man hour in meat animal production has in­
creased at an average rate of 1.12 percent per year. This is 
a relatively low rate compared to an annual average rate of 
increase of 2.3 percent in milk production and 2.8 percent in 
poultry production. Labor productivity in livestock produc­
tion as a whole increased by 2.2 percent per year, which is 
substantially less than the 2.8 percent rate of gain in pro­
ductivity realized for total farm output over that same 
period. 
Annual production of hogs varies substantially between 
years. Table 26 presents a summary of the quinquennial aver­
ages of the annual variation in regional annual hog production 
and corresponding hog-corn ratios for the period 1936 to i960. 
The annual variation in production has been quite substantial 
during each of the six successive five year intervals, but no 
regularity in the pattern of variation is apparent. There is 
no indication that hog production has acquired stability in 
production in the postwar years relative to prewar years. 
Annual variation between regions for the same five-year inter­
val differs by as much as 11 percent. This indicates that in­
creases and decreases in hog production are to a considerable 
extent governed by economic factors specific to the regions. 
Annual variations in production tend to induce a change in the 
hog-corn ratio. The variation in the latter should approxi­
mate a multiple of the former barring other economic influ-
Table 26. Quinquennial averages of the annual variation in regional annual hog 
production and hog-corn ratios, 1931 to i960 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
1931 to A- 15.50 27.38 23.24 19.16 24.98 25.72 23.06 
1935 B 4.39 13.57 18.20 5.58 12.00 13.95 12.06 
1936 to A 19.51 27.57 21.42 21.08 22.19 17.84 26.12 
1940 B 7.19 9.03 14.63 8.88 12.49 11.47 10.11 
1941 to A 21.50 17.63 18.86 22.49 22.56 21.60 19.50 
1945 B 15.37 9.44 15.76 10.70 17.24 21.53 13.80 
1946 to A 10.79 8.88 9.86 10.27 10.33 6.78 9.37 
1950 B 4.65 4.13 4.07 2.69 1.49 7.62 2.84 
1951 to A 12.65 15.11 16.88 15.55 19.02 17.44 15.91 
1955 B 8.66 7.71 10.86 5.80 16.55 14.66 9.83 
1956 to A 13.18 20.10 23.44 10.48 8.13 18.88 19.93 
i960 B 7.07 4.85 9.10 6.19 9-53 8.40 7.02 
A^: annual variation in hog-corn ratio " ^ ^^ t-1 
HCHt 
B; annual variation in hog production  ^
Xt-1 
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ences.. For the period 1931 to i960 no such relationship 
exists. In fact it varies substantially between given year 
intervals, as well as between regions. This would indicate 
that supply response may be different between regions and time 
periods. However, no systematic trend in the ratio of A over 
B in Table 26 is.apparent for any region over the past thirty 
years. Our conclusions must therefore be that economic factors 
other than the hog-corn ratio influence supply response in hog 
production. 
It has been generally assumed that supply relationships 
in hog production are of a recursive nature. The cob-web 
theorem, which is the simplest representation of recursive­
ness in a system of two equations, was thought to be particu­
larly applicable to hog production. A recursive relationship 
in hog production would arise under the following conditions 
a) the production process involves a period of gestation which 
is unresponsive to current economic conditions, b) the produc­
tion process matures within narrowly definable time limits, 
c) producers initial the production process on basis of cur­
rent cost and revenue conditions, d) the marketed supply can­
not be stored for any length of time, e) prices received by 
farmers are determined by current supply and demand, such 
that demand equals supply. If any of the foregoing assump­
tions does not hold, no strict recursive system of equations 
can be formulated. Most researchers have paid particular 
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attention to assumption c). Limited empirical investigation 
into producer's behavior as to how they formulate price ex­
pectations have generally confirmed that current prices are 
projected for a future period. The cob-web theorem in its 
simple form envisages an equilibrium of demand and supply, 
which is subject to a disturbance which does not affect the 
parameters of the relationships involved. No writer has been 
very explicit on the source of such disturbances. Clearly 
they must relate mainly to the usual gamut of other variables 
included in the demand and supply relationships, but this 
changes the structure of the model, in the sense that one or 
both curves are shifted. Application of Samuelson's corre­
spondence principle leads to the identical prerequisites for 
stability as emerge from solving the system of difference 
equations for the solution of the time path of production or 
price. Given a positive shift for the supply curve and a 
negative slope for the demand curve, we will arrive at an 
oscillating time path which may be damped, stationary or ex­
plosive depending whether the ratio of the slopes of the 
demand and supply curve is greater, equal or less than unity. 
With a one period price response lag in the supply curve, we 
then generate a two period cycle. With a two period lag in 
supply response, we obtain a four period cycle. The appli­
cability of the cob-web theorem in agricultural production has 
been questioned by a number of authors. Both Akerman (2) and 
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Buchanan (23) stress that the period of production must be 
analytically related to the supply curve. Hence it should be 
clear whether we deal with a short run normal supply curve 
or a long run normal supply curve. The latter is commonly 
more elastic than the former. Available data, however, are 
compiled on an annual basis. The annual period of production 
is somewhere in between the short run supply curve and the 
long run supply curve. Now generally the short run supply 
curve is reversible, but the long run supply curve is not. 
Observations on production are located on successive short run 
supply curves, an empirical supply response curve therefore 
estimates a mongrel curve which has no rigorous theoretic 
connection to the theory of the firm. Nerlove (68) in this 
connection formulates a lagged adjustment model that permits 
a separation of short run elasticity and long run elasticity 
and thereby effectively overcomes the objections by Buchanan 
and Akerman. It is also possible to generalize the price 
expectations of producers by taking a lagged price expecta­
tion model, which in reduced form transforms into a geomet­
rically weighted series of past prices. The ordinary cob-web 
theorem is obtained if the coefficient of adjustment in price 
expectations equals unity. Combining a price expectation 
adjustment model for demand with a lagged adjustment model for 
supply yields a second order difference equation. The solu­
tion of this equation can be cyclic provided the parameters 
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of the supply and demand equations generate complex roots in 
the characteristic equation. Both Harlow (42) and Breimyer 
(10) observed the emergence of a four year cycle in hog. pro­
duction in the post-war years. Application of the simple cob­
web theorem would suggest a two year cycle. It was pointed 
out in the late thirties by Coase and Fowler (15) that such 
a model was inconsistent with actual observations on the hog 
cycle in Great Britain. If we assume a two year lag in re­
sponse then a four year cycle can be generated. In effect, 
we assume in this case a very restricted distributed lag. 
Harlow justifies a two period lag in price response on the 
following grounds. Current marketings are determined by the 
number of available sows in the previous year. The current 
number of sows is determined by the price for hogs in the 
previous year. If we combine the two statements and eliminate 
the number of sows as an intermediate decision variable, then 
we obtain current marketings in terms of the price of hogs 
with a two year lag. Empirical evidence does not seem to be 
in accordance with the foregoing hypothesis. In this study 
it will be shown that the current number of sows is substan­
tially determined by the price for hogs in the previous year. 
Current production of hogs is substantially determined by the 
current number of sows, the current spring pig crop and cur­
rent prices received for hogs. Hog production can substan­
tially increase or decrease within a year's time. In fact. 
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the U.S. average annual variation in production has been 
approximately 7 percent on the past thirty years and is 
indicative|Of substantial flexibility in the short run. Such 
flexibility is encouraged by the very marked regional special­
ization in production, the strongly competitive relationship 
with cattle production and the availability of fbed grains. 
I 
A recursive relationship in hog production does not have 
to rely upon the assumption that farmers project the future 
price to be identical to the current price. In fact, it would 
appear that such an assumption must be subject to self-correc-
! 
tion in an industry noted for price instability. It would be 
expected that farmers learn from past experience, or at the 
very least apply a weighted average of past price experience 
in formulating future price levels. Darcovich (I9) has shown 
that such models have a reasonable performance in predicting 
prices when coupled with outlook information relating to 
special developments, e.g. drought and substantial changes in 
government policy. Given that farmers learn from past price 
experience, we are then led to search for different sources 
I 
that can generate recursiveness. One possibility lies with 
the marked seasonality of production in agriculture. However, 
we find that increasingly production can be begun at any time 
within the calendar year. The length of the production pro­
cess in almost all cases has become shorter, due to higher 
I 
rates of gain 'as in hog production, broiler production and 
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beef production. The disappearance of seasonality in live­
stock production reflects the changing patterns of producer 
behavior. On an industry basis, it becomes increasingly dif­
ficult to designate a particular month as the beginning of the 
production period. Aggregation over all producers in the in­
dustry will obscure the recursive relationships which may hold 
for producers individually, and as suggested by Bentzel and 
Hansen (?) will in effect create a system of jointly dependent 
variables. On the basis of the foregoing, we do not think 
that the cob-web theorem has empirical relevance in hog pro­
duction. 
I 
Recent Research in Hog Supply Response 
A substantial amount of research on supply response in 
hog production has been carried out in recent years. Harlow 
(42), Maki (62), Puller and Ladd (3^ ) all formulate models on 
a quarterly basis that are restricted to the post-war period. 
Harlow formulates a recursive system containing six equations. 
A recursive system consists of a set of equations, each con­
taining a single endogenous variable other than those that 
have been treated as dependent in previous equations. The ex­
planation of each variable proceeds recursively, from one 
period to the next, and, within each period, in a specified 
order. The statistical properties of recursive models have 
been discussed a number of years; Strotz and Wold (73) have 
239 
written extensively on the general applicability of such 
. causal chain models. Wold (110) has shown that with zero 
covariances among the equational disturbances, least squares 
estimates will have the maximum likelihood properties of con­
sistency and efficiency. If the disturbances in the several 
equations in a recursive system are correlated with one an­
other, they are also correlated with variables that were 
dependent in preceding equations of the system, since by 
definition a dependent variable in a particular equation is 
assumed to be correlated with the disturbances in that equa­
tion. One way to overcome this is to use calculated values 
of the endogenous variables as independent variables in suc­
cessive equations. This procedure rests upon the fact that 
the calculated values are not correlated with the equational 
disturbance. Estimates of the parameters obtained by this 
procedure are consistent but not efficient. The disadvantage 
of the method is that the accumulation of error in successive 
equations may become prohibitive. Harlow in his estimation 
procedure assumes that the equational disturbances are uncor-
related. It is questionable whether quarterly data are to be 
preferred over annual data in the formulation of a recursive 
model. A quarterly recursive model alms to attain a separa­
tion of variables which otherwise would be jointly dependent. 
Such a separation will be incomplete if the within year produc­
tion shows a marked seasonal pattern. Seasonal patterns of 
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production are disappearing rapidly, but observations based on 
historical data still carry that influence. Quarterly models 
generally introduce serial correlation in the residuals. 
Serial correlation in the residuals invalidates the Gauss-
Markov theorem. The parameters estimated by ordinary least 
squares will be biased and their variance will be under­
estimated. Serial correlation in quarterly models arises 
from systematically re-occurring seasonal patterns in produc­
tion and prices. Puller and Ladd (34) estimate the autonomous 
seasonal effect prior to estimation through a set of ortho­
gonal dummy variables. Further analysis is then carried out 
on the residuals. Alternatively autoregressive schemes can 
be used on the quarterly observation. The method of first 
differences is frequently used. It assumes the coefficient 
of autoregression to equal unity. This method was success­
fully applied by Maki (63). The elasticities of response 
estimated by quarterly models are commonly smaller than for 
annual models. Apart from forecasting purposes, it is doubt­
ful whether quarterly models measure the full response to a 
change in economic conditions, particularly if the latter per­
sists over a successive number of periods. Quarterly models 
must by necessity measure a short term response. It is well 
known that even supply response estimates based on annual data 
underestimate the long run response. The inability to ascer­
tain the long run response to a given price policy is one of 
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the major defects of time series analysis for purposes of 
public policy. Nerlove made considerable progress in this 
I 
direction with the introduction of lagged adjustment models, 
but estimates from such models have a minimum bias which may 
be considerable. 
Harlow (42) aims at a decomposition of the hog cycle. 
The most important variable in this model is the number of 
sows farrowing in a given quarter. The number of sows is 
closely related to the number of hogs slaughtered but subject 
to systematic change which can be adequately represented 
through a simple trend variable. The number of hogs slaugh­
tered and the ratio of pigs saved then determine the quantity 
of pork produced per quarter. The quantity of pork produced 
becomes an.integral variable in an equation which determines 
the retail price of pork. The price received by farmers for 
hogs is then estimated from thé retail price of hogs by taking 
into account marketing charges. The current price received 
by farmers for hogs enters as a lagged variable, among other 
lagged variables, in determining the number of sows farrowing 
in the next quarter. 
Maki (62), in an Interesting paper on the decomposition 
of the hog cycle, distinguishes two siz-month periods within 
the year. Hog slaughter is predicted for January to June and 
for July to December, in terms of appropriately lagged and 
specified variables for the number of sows farrowing during 
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the preceding period, the price of hogs, the price of corn 
and a simple trend variable. Equations are specified which 
estimate the number of sows farrowing from June to November 
and for the number of sows farrowing for the period December 
to May. To estimate the latter the number of sows on farms 
I 
at January 1 must be known. The number of sows farrowing in 
the latter half of the year are estimated on the basis of the 
number of sows farrowing in the previous half year and a 
simple trend variable. The most important variable in this' 
system of successively dependent variables is the January 1 
estimate of the number of sows on hand. This inventory esti­
mate is considerably less successful than the number of far-
rowings and the total number of hogs slaughtered. Since the 
January 1 estimate of sows on farms triggers the subsequent 
behavior of farrowings and the number of hogs slaughtered, one 
would expect that in forecasting a substantial source of cumu­
lative errors may be generated through an inadequate forecast 
for the January 1 estimate of sows on farms. 
Dean and Heady (20) in an interesting paper estimate the 
number of spring farrowings and fall farrowings. Their anal­
ysis leads to the conclusion that the supply response in hog 
production has increased and that the demand for pork has be­
come more inelastic between the interval 1924 to 1937 and 1938 
to 1956. The combined influence of these factors is suggested 
as a contributory cause to the increasing fluctuations in 
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prices and production of hogs in post-war years. Two methods 
of analysis were followed. The first method.estimated the 
first difference in spring and fall farrowings in terms of an 
appropriately specified hog-corn ratio, the first difference 
in the change of composition of other feed grains relative to 
corn, and an appropriately specified beef-hog price ratio. 
Subsequently a somewhat more complicated price expectational 
model was formulated in terms of the current hog-corn ratio 
and a beef-hog price ratio. The adjustment coefficient be­
tween realized and expected prices was assumed to be identical 
for both ratios. Either approach confirmed that the response 
elasticity in both spring and fall farrowings had increased, 
such differences however were not statistically significant. 
The analysis did not include the years 19^ 2, 19^ 3 and 1944. 
Apparently the limited number of observations did not permit 
a separation of the analysis into a prewar period and a post­
war period, which would undoubtedly have resulted in larger 
differences in elasticities, if indeed the basic hypothesis of 
increasing elasticities were true. Dean and Heady postulate 
that the average marketing weights of hogs is positively re­
lated to the current price received for hogs. To test this 
hypothesis a two equation model was formulated with federally 
inspected liveweight slaughter of hogs and the average price 
of hogs received by farmers as Jointly dependent variables. 
Such two equation demand and supply models were estimated for 
2# 
the two successive six month periods within the year and for 
the periods 1924 to 1937 and 1938 to 1956. It appeared that 
both the price elasticity of demand and the income elasticity 
had declined substantially in the models that included the 
years 1938 to 1956. The elasticity of supply response within 
the marketing period did not carry a first decimal digit, 
indicating that the response was quite small. No substantial 
differences in price and income elasticities were found to 
exist between the first and second half of the year for either 
the period 1924 to 1937 or 1938 to 1956. 
Fuller and Ladd (34) report a study on the beef and pork 
marketing sector of thé economy. Eight equations were esti­
mated using quarterly time series data; a) two consumer 
demand equations, b) two meat inventory equations, c) two farm 
to wholesale marketing margin equations and d) two wholesale-
to-retail marketing margin equations. Single equation methods 
were used to estimate the equations, since quantities supplied 
by farmers are taken to be exogenous. The method of estima­
tion permitted auto correlation in the error term. The pro­
cedure is iterative and requires approximately twice as many 
variables as are contained in the original specification. The 
use of quarterly data required adjustment for seasonal 
effects. All variables were regressed on time and a set of 
orthogonal seasonal dummy variables. Deviations from these 
were used in final estimation. This is equivalent to includ­
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ing in all of the above eight equations a set of seasonal 
I 
dummy variables and a trend variable in the independent vari­
ables. Data used ran from the third quarter of 19^ 9 to the 
first quarter of I96O. 
Cromarty (18) estimated the liveweight slaughter of hogs 
in connection with an econometric model of the United States 
agriculture. Cromarty is one of the few researchers to use 
the limited information single equation method in estimating 
supply response. A one percent change in the current farm 
price of hogs increased production by ,130 percent. Other 
variables included were the production and availability of 
feed grains and the January 1 inventory of sows and gilts. 
Data used were actual observations for the period 1929 to 
1953. 
Wallace and Judge (108) published an econometric analysis 
of the beef and pork sectors of the U.S. economy. Farm pro­
duction of pork is uniquely determined within the model of the 
beef and pork sector. The least squares method is used to 
estimate the parameters. The independent variables do not in­
clude any price variable for either hogs or beef animals. 
Satisfactory results are obtained by including the availabil­
ity and production of feed grains and com, two separate com­
ponents of the January 1 hog inventory and a simple trend 
variable. Annual time series data were used for the years 
1925 to 1941 and 1947 to 1955-
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Mauldon (66) restricted his analysis to the period 1946 
to 1958. Various transformations of the original observations 
were used. Mauldon is the only student to use first differ­
ences of the original observations and first differences in 
the logarithms of the original observations. The independent 
variables do not include any inventory components, but exclu­
sively product-factor price ratios and product-product price 
ratios. Among the latter we find the cattle feeding margin 
to hog price ratio and the milk-hog price ratio. Coefficients 
of multiple determination were low in the analyses in terms 
of the actual observation; those in terms of first differences 
were considerably higher. 
From the foregoing review of recent studies in hog supply 
response emerge a number of important observations. We ob­
serve the preponderance of ordinary least squares as the tech­
nique used for estimating the models. Only Cromarty uses the 
computationally more complex LISE method. Studies by Dean 
and Heady, and Judge use just identified systems of simul­
taneous equations, which in their reduced form use least 
squares. A number of studies use price expectational or 
lagged adjustment models, which in reduced form carry the 
lagged dependent variable among the independent variables. 
Some studies emphasize the recursive element in hog supply 
response, other studies do not include the price of hogs at 
all or use current prices. A number of students formulate a 
24? 
hog supply model on the basis of inventory decomposition, 
other researchers estimate production directly in terms of 
price variables. Some studies use quarterly data, or semi­
annual data, while other studies use annual data. Most 
I 
studies investigate total liveweight slaughtered rather than 
production. Few of the students in this area have listed the 
predictive ability of the model outside the sample of observa­
tions. Only Maki and Harlow make an attempt in this direction 
and only then for a limited number of observations after the 
terminal date of the study. Almost all of the foregoing 
studies formulate national models, only Maki, and Dean and 
Heady make an attempt at regional disaggregation. Relatively 
few studies emphasize the competitive relationships pmong 
livestock enterprises or the possibility of structural change. 
Only one study attempts at integrating the marketing and pro­
duction sector in hog production. From the foregoing follows 
that the study of hog supply response has been implemented 
in a great many different ways, and in almost all instances 
with a measure of success. 
The Design of the Model 
In formulating a statistical model, the nature of the 
economic system to be analyzed should determine the type of 
equations to be used and the method used in fitting them. The 
initial task in analysis is thus to determine the nature of 
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the economic system under consideration. A statistical anal­
ysis of supply response in hog production logically starts with 
the identification of the variables involved. On an a priori 
basis the student has a great deal of freedom in the concept­
ualizing of his model, and therefore in the form of the rela­
tionships postulated. Such relationships must be ascertain­
able in quantitative fashion. Hence both available estimation 
techniques and data limitations restrict the number of models 
that are testable. Normative programming models are exceed­
ingly detailed in specific assumptions, whereas times series 
analysis is correspondingly poor in this respect. It there­
fore makes much less of a demand on data availability. Time 
series analysijs cannot adequately deal with structural change, 
I 
but can take partial cognizance of such developments through 
the inclusion of a gross index of technological progress. 
Since the variable specification in models that use time 
series analysis is almost always incomplete the resulting 
parameters must necessarily be biased. In fact, one might 
argue that the estimated relationships are mongrel supply 
curves. This does not invalidate their use for predictive 
purposes, provided structural change is gradual. Since time 
series analysis does not deal with a static situation, one 
should be very careful in translating expected properties of 
a static system onto a system that is in fact dynamic. 
In the analysis of supply response, one can make a gen­
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eral classification of the independent variables in terms of 
price effects, inventory and resource effects, and autonomous 
effects. The price effects contain the two sub-categories 
of own price effects and competitive price effects. Each of 
these effects can be characterized by a price variable which 
may be of an anticipated, current or lagged nature. Such 
variables must be identified, where possible, with the criti­
cal decision making period. The use of an expectational model 
by Dean and Heady (20) underlies the assumption that farmers 
think in terms of forward prices. On the other hand, the use 
of lagged variables as in Harlow (42) and Maki (62) indicates 
the belief that farmers react on a retarded price basis. It 
would appear that no simple expectational process exists for 
the individual producer, and hence even less distinctly so for 
the industry. In a supply response study the simultaneous 
occurrence of all three possibilities, but their relative im­
portance should differ depending on the enterprise considered. 
Inventory and resource effects often must be Included in 
the study of supply response to attain a satisfactory degree 
of multiple determination. The Inventory effect may have a 
current and a lagged component. In the study of hogs, the 
inventory of beef animals makes a competitive demand upon re­
sources which otherwise would be more freely available for 
beef production. The inclusion of a feed grain Inventory in 
supply response is often successful, particularly when the 
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market price of feed grains has no direct relationship to the 
production of feed grains, as will occur with effective grain 
support price programs. In the study of supply response, we 
found both current production of feed grains and lagged pro­
duction of feed grains to be important variables. 
In almost all instances, previous research has considered 
inventory components to be of a predetermined nature. While 
such a procedure is permissible for short run prediction, it 
is less acceptable in situations in which we make long run 
projections. In such situations, it is particularly important 
to estimate inventory components as an integral part of the 
model. Such is the procedure followed in this study for hog 
and beef cattle production. Decomposition of the beef and 
I 
hog cycle must, in our opinion, by necessity proceed along 
such lines. 
Autonomous effects include a plethora of factors which 
change the underlying structure of production. In hog produc­
tion we could consider for example, the incidence of improved 
breeding, feeding and disease control. Such effects are con­
sidered to be autonomous since no immediate relationship con­
nects such developments with observable variables. They are 
in the nature of secular improvements induced by economic 
circumstances but without the possible exact continuity of 
relationships one wishes to attain in a quantitatively ori­
ented study. Becent work by Griliches (39) on the aggregate 
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agricultural supply function marks the difficulties encoun­
tered in this connection. The net effect of autonomous 
effects upon prices and production is quite substantial. In 
this study their Impact is subsumed under a simple time vari­
able. While the latter is devoid of any immediate economic 
interpretation, it is observable without error which is not 
true for more complicated Indices of technological progress. 
In the study of supply response in hog production we 
design a nine equation model. Eight equations must be esti­
mated statistically, and one equation is an identity in inven­
tory components. The model is fitted initially for the United 
States, but subsequently the same model performed quite well 
for the six major geographic regions and the three subregions 
of the Worth Central States. Total liveweight production of 
hogs and the price of hogs are jointly dependent variables, 
all other variables are of a predetermined nature, i.e. either 
estimated outside the model or defined for a time period pre­
ceding the defined time period of the dependent variable in a 
particular equation. The model is estimated for the period 
1931 to i960 in terms of actual observations. 
For purposes of statistical analysis, we define the fol­
lowing variables: 
All hogs and pigs on farms, January 1, year t, in 
thousands. 
X2 All pigs on farms less than six months old, January 
1, year t, in thousands. 
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All sows and gilts on farms more than six months 
old, January 1, year t, in thousands. 
All "other" pigs on farms more than six months old, 
January 1, year t, in thousands. 
Total number of spring farrowings, year t, in 
thousands. 
Total number of spring pigs saved, year t, in 
thousands. ' 
Total number of fall farrowings, year t, in 
thousands. 
Total number of fall pigs saved, year t, in 
thousands. 
Total annual liveweight production of hogs, year t, 
in millions of pounds. , 
Annual weighted price received by farmers for all 
hogs sold, in current dollars per hundred pounds 
liveweight, year t. 
Annual weighted hog-corn ratio. The current price 
received by farmers for hogs sold, in dollars per 
hundred pounds liveweight, divided by the price 
received by farmers in current dollars per bushel 
of corn, weighted by monthly hog slaughter. 
Weighted hog-corn ratio for the months April 
through June, year t. 
Weighted hog-corn ratio for the months October 
through December, year t. 
Time, 1930 =1. 
Annual weighted egg-feed price ratio, year t. The 
price received by farmers for eggs sold, in current 
cents per dozen, divided by the cost of the poultry 
ration, in current dollars per 100 pounds.* 
Total feed units produced, including corn, oats and 
barley, in 100 million pounds, year t. 
Weighted hog-corn ratio for the months October 
through December, year t-1. 
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Xi8 Average annual weighted beef-feed price ratio, year 
t-1. The price received by farmers for all beef 
cattle sold, in current dollars per hundred pounds 
liveweight divided by the cost of the representa­
tive beef ration in dollars per 100 pounds. 
X^ Q Total feed units produced, including com, oats .. 
and barley, in 100 million pounds, year t-1. 
X20 Average annual weighted milk-feed price ratio, year 
t-1. The price received by farmers for all milk 
sold, in current dollars per hundred pounds milk 
divided by the cost of the representative dairy-cow 
ration in dollars per 100 pounds. 
X21 Average annual weighted hog-corn ratio, year t-1. 
X22 Average weighted beef-corn ratio for the months of 
April through June, year t. The price received by 
farmers for all beef cattle sold, in current dollars 
per hundred weight, divided by the price received by 
farmers for all corn sold, in dollars per bushel. 
X23 equals X^  + Xg. Total number of spring farrowings, 
in thousands, year t plus total number of spring 
pigs saved, in thousands, year t. 
X24 Total number of hogs on farms, less than six months 
old, at January 1, year t+1. 
X25 Total number of "other" hogs on farms, more than six 
months old, at January 1, year t+1. 
X26 Average weighted beef-corn ratio for October through 
December, year t-1. 
X27 Average annual weighted egg-feed price ratio, year 
t-1. 
X28 Total annual liveweight production of hogs, in 
million pounds, year t-1. 
The above notation of the variables has been consistently 
carried through for all major regions and subrogions of the 
North Central States. The foregoing variables suffice for 
the specification of a nine equation model. Since these nine 
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equations contain one identity, we effectively have eight 
dependent variables. For each of these dependent variables 
usually more than one structural relationship was estimated. 
It will facilitate the exposition of the model if we take a 
particular set of equations to illustrate the structure of the 
model. Vertical bars separate the dependent variable from the 
independent variables. 
1/ 2^t 3^t 4^t 
The total number of hogs and pigs on farms X^ , 
equals the number of pigs less than six months old 
X2, plus the number of sows and gilts more than six 
months old X^ , plus "other" pigs more than six months 
old, all evaluated at January 1 of the current year. 
2/ X^  ^/ (X^  + %6 + ^ 7^ t-l ^ I4t %19t %21t 
The total number of sows and gilts more than six 
months old at January 1, year t, is determined by the 
sum of the total number of spring farrowings (X^ ), 
spring pigs saved (X5) and fall farrowings (Xy) in 
the previous year;by the trend variable (X^ )^, by 
the total number of feed units produced in the pre­
vious year (X^ )^ and by the average annual weighted 
hog-corn ratio of the previous year. This relation­
ship contains only predetermined variables as inde­
pendent variables. 
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(X^  + / (^ 6 %l9t %21t 
The total number of hogs and pigs on farms, more 
than six months old at January 1, year t, is deter­
mined by the sum of spring pigs saved (X5) and total 
number of fall farrowings (Xy) of the previous year; 
by the trend variable by the total number of 
feed units produced in the previous year (X^ g) and 
by the average annual weighted hog-com ratio (Xg^ ) 
of the previous year. This relationship contains 
only predetermined variables as independent vari­
ables . 
2^t / Xgt-l 2^1t 
The total number of pigs, less than six months 
old, at January 1, in year t, is determined by the 
number of fall pigs saved (Xg) of the previous year 
and the average annual weighted hog-corn ratio (X^ )^ 
of the previous year. This relationship contains 
only predetermined variables as independent vari­
ables . 
5^t / ^3t %17t 
The total number of spring farrowings, year t, 
is determined by the number of sows and gilts on 
farms, more than six months old, at January 1, year 
t, and the average weighted hog-corn ratio, October 
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through December, of the previous year. Variable 
Xj can be estimated from equation 2. 
Xgt / ^5t %l4t 
The total number of spring pigs saved, year t, 
is determined by the total number of spring farrow­
ings (X^ ) and a trend variable (X^ )^. Given an esti­
mate for variable X^ , we can determine variable X5. 
/ (^ 5 + %6)t %12t Xl6t %22t 
The total number of fall farrowings, year t, is 
determined by the number of spring farrowings plus 
the number of spring pigs saved (X^  + X5), by the 
average weighted hog-corn ratio (X^ g); April through 
June, year t; by the total production of feed units 
(^ lé)» year t, and by the average weighted beef-com 
ratio, April through June, year t(X22)• 
S^t / Xyt %l4t 
The total number of fall pigs saved, year t, is 
determined by the number of fall farrowings (Xr,) and 
a trend variable X^ .^ Given an estimate for variable 
Xy, then variable Xg can be determined. 
9^t / %t %t %10t %l6t 
Total annual liveweight production of hogs, year 
t, is determined by the total number of all hogs and 
pigs on farms at January 1, year t; by the total 
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number of spring pigs saved (X5); by the average 
annual weighted price for hogs (X^ g) for the current 
year, and the total feed units produced the 
current year. Variables Xn and X^ q^ are jointly 
dependent » 
The foregoing system of equations is not completely re­
cursive. Equation 7 will be recursive if we obtain the hog-
corn ratio and beef-corn ratio for the second quarter of the 
year from an independent source. Equation 9 is not recursive 
since it contains the current price received by farmers for 
hogs so2,d. In the statistical analyses the effect of the cur­
rent price of hogs was statistically highly significant, but 
the corresponding elasticity was quite small, so that for most 
predictions an estimate can be made for variable X^ q and the 
model can then be used for making a forecast of expected pro­
duction in the current year. The critical relationship in the 
model relates to the estimation of the number of sows and 
gilts more than six months old at January 1. This variable 
triggers the model. Errors in the estimation of this variable 
will compound in cumulative fashion through subsequent stages 
of estimation. 
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Supply Relationships for the United States 
Total United States production of hogs 
Table 27 presents the statistical results obtained in 
estimating total United States production of hogs. In this 
study we have chosen total liveweight production of hogs 
rather than total liveweight of hogs marketed. Production 
1 . 
differs from marketing through inventory changes which may be 
quite substantial from year to year. It can be seen from the 
structure of equation 9 that instead of production, we could 
have substituted total liveweight marketings for variable X^ , 
while maintaining the same group of regressor variables in 
that equation, and leaving the structure of the other eight 
equations unaltered. The total liveweight produôtion of hogs 
depends on the number of hogs produced and their average 
weight. The market weight of hogs not used for breeding pur­
poses should be less in times of low prices than in times of 
high prices, due to diminishing efficiency of feed conversion 
at higher weights. Hog marketings, however, are characterized 
by seasonality. A postponement in marketings may be asso­
ciated with a more rapid rate of increase in prices received 
than in additional feed costs incurred. The producer's short 
run price expectations therefore play an important part in 
determining the marketing weight of hogs. The coefficients 
associated with the current price received for hogs X-^ o 
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the average annual weighted hog-corn ratio for the current 
year are positive and highly significant. 
Equation 27*1 relates total liveweight production of hogs 
to the number of all hogs and pigs on farms at January 1, X^ , 
the total number of spring pigs saved and the current 
price received by farmers for hogs sold X^ Q. All variables 
have the expected signs and all are highly significant. A one 
percent increase in the current price received for hogs will 
change annual production by .0935 percent. This elasticity 
coefficient is relatively small. If, however, we exclude 
variable X^ g as in equation 27,2, the coefficient of multiple 
determination declines to 88.5 percent. This would indicate 
that although inventory components are important in making 
forecasts for current production, we should not ignore the 
response which is engendered by price variables. Equation 
27«3 is a reformulation of equation 27.1. We include the 
current annual weighted hog-corn ratio X^  ^for variable X^ q* 
A one percent increase in the current hog-corn ratio changes 
current hog production by .1938 percent. In subsequent equa­
tions we find consistently that the elasticity of response to 
a change in the hog-corn ratio is greater than the response 
in production due to a change in current prices received for 
hogs, which is as expected. 
In equation 27.4, we include the current production of 
feed units X^  ^and the lagged hog-corn ratio for the months 
261 
October through December and the total number of spring 
farrowings and spring pigs saved The coefficient of 
multiple determination increases to 96.1 percent, all coeffi­
cients have the appropriate sign and are statistically sig­
nificant but for variable A one percent change in the 
current production of feed units increases current production 
by •2757 percent, indicating that hog production is fairly 
responsive to the production of feed grains. In equation 
27•5» we include the lagged production of hogs as an independ­
ent variable. This lagged adjustment model is not successful 
since the coefficient of multiple determination declines to 
77.3 percent. In equation 27.6 we include variables X^ g and 
Xi5 and in addition, the lagged annual hog-corn ratio X21. 
All coefficients are significant at acceptable levels. The 
current response elasticity to the annual hog-corn ratio is 
of equal order to the response elasticity of the lagged annual 
hog-corn ratio. In equation 27.7, we omit the latter variable 
without substantially affecting the coefficient of multiple 
determination. 
It would appear that equation 27.7 is most appropriate 
for predictive purposes. Hog production appears to be mainly 
determined by the January 1 inventory, the number of spring 
pigs saved, current production of feed grains and current 
prices received for hogs sold. Prom the foregoing equations, 
it would appear that no completely recursive model of hog 
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production can be constructed on the basis of annual data. 
Total United States farrowlngs 
and spring pigs saved 
Table 28 presents the results obtained in estimating 
total United States farrowlngs and spring pigs saved X^ . 
In equation 28.1 we include the number of sows and gilts, more 
than six months old, at January 1, X^ , the hog-corn ratio in 
the last quarter of the previous year X^ y and the total pro­
duction of feed grains in the previous year X^ »^ A one per­
cent increase in the hog-corn ratio of the last quarter of 
the previous year X^ y increases spring farrowing by .6331 
percent, indicating that farmers' decisions to expand or con­
tract hog production are fairly responsive to variable X^ y. 
Equation 23.1 is not quite satisfactory because of the nega­
tive sign which is associated with lagged feed grain produc­
tion X^ g. A negative sign for this variable contradicts ex­
pectations. Satisfactory results may be obtained by excluding 
this variable, as can be judged from equation 28.2. The re­
sponse elasticity of variable X^ y now declines to .2968. In 
equation 28.3» we include a simple trend variable X^ /^  and the 
lagged annual hog-corn ratio X21. The coefficients of these 
variables have the expected signs, but they are not statis­
tically significant. In equation 28.4, we exclude variable 
X21 from the previous equation, this does not alter the 
Table 28. Total United States spring farrowings and spring pigs saved X^ , 1931 
to i960, showing regression coefficients with standard errors, levels 
of significance and mean elasticities; data used are actual observations^  
Equa­
tion Constant X3 X5 6^ %4 %7 %19 X2I 
28.1 .963 -348.606 .934 
( .042) 
.001 
d. 38.946% -3.032 
(21.288)0 (1.546) 
.10^ .10 
(.6331)® 
28.2 .957 -519.091 .919 
(.043) 
.001 
d. 18.257 
(19.439) 
N.S. 
( .2968) 
28.3 .958 -345.555 .933 
(.051) 
.001 
d. -6.864 
(7.168) 
N.S. 
3.932 
(32.519) 
N.S. 
(.0613) 
28.4 .958 -340.656 .937 
(.038) 
.001 
d. -6.365 
(5.751) 
N.S. 
28.5 .956 -399.686 .952 
(.047) 
.001 
d. +14.013 
(26.536) 
N.S. 
(.2185) 
28.6 .980 107.176 5.703 
(.164) 
.001 
d. 324.225 
(23.833) 
.001 
d^.-denotes dependent variable; N.S,-not significant at the 40 percent level. 
R^egression coefficient. 
cstandard error. 
d-Level of significance. 
©Mean elasticity. 
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coefficient of multiple determination in equation 28.4. In 
equation 28.5» we omit the trend variable from equation 
28.3* The coefficient of multiple determination equals 95«6 
percent. A one percent increase in the lagged annual weighted 
hog-corn ratio X21 will increase the number of spring farrow-
ings by .2185 percent. Since the average year to year 
I 
variation in the hog-corn ratio has exceeded twenty percent 
for the past thirty years, it is evident that the influence 
of the lagged hog-corn ratio is of influence in determining 
spring farrowings. The number of spring pigs saved Xg is very 
closely related to the number of spring farrowings. In equa­
tion 28.6 we estimate spring pigs saved X^  as determined by 
the number of spring farrowings X^  and a trend variable X^ .^ 
The coefficient of multiple determination for this relation­
ship equals 98.0 percent. The trend variable has a positive 
coefficient indicating that the number of pigs saved per 
litter has steadily increased. Improved breeding and disease 
control are largely responsible for this increase. 
For purposes of forecasting and use in policy models, we 
would prefer equations 28.5 and 28.6. 
Total United States fall farrowings 
and fall pigs saved 
Table 29 presents the results obtained in estimating 
total United States fall farrowings Xy and fall pigs saved Xg. 
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Table 29. Total United States fall farrowings In and fall pigs saved Xg, 1)31 to I960, shoing regression coefficients mth standard errors, 
levels of significance and mean elasticities; data used are actual observations^ 
Equa- r 
tion R2 Constant X7 Xg %12 % 
. % % %18 ^20 4l % % 
29,1 ,88$ -177$,901 d. lt3.7# 61.820 .$81 32.187 ,061( 
, (27.60$)" (28.108) (.197) (22.992) (.008) 
,10d .0$ .01 ,20 .001 
{Mf (,1908) (.2192) (.# 
29.2 .81|li •1178.103 d. lt$.6$3 61,$22 .069 
(31,2$1) (31.$26) (23,703) (.009) 
.10 N,S, .02 ,001 
( . # )  (.1$$8) 
29.3 .870 •1961).61I1 d. 10^,031 .618 $2.1(26 -1$0.229 71.693 ,o$4 
(33,ll|lt) (.2ii3) ($7,718) (#.92$) (60,62l() (.012) 
.01 .02 U, N,S. ,30 ,001 
(.3212) (.2332) (.0661() (-.01(72) 
29 .831, -119$.782 d. 128.239 137,910 -73l(.3l($ 13$,$$0 ,01(8 
(1(0.911) ($1,930) (!|8$,399) (61.101) (.013) 
,01 ,02 ,20 ,0$ ,001 
(.39$9) (.1800) (-.2310) (1.8787) 
29J ,88$ "177$.901 d. 43.710 61.820 ,$81 32.187 ,061( 
(27,60$) (28.108) (.w) (22,922) (.008) 
, U.S. .01 .01 ,01 ,20 ,001 
(.10$8) (.1908) (Jwe) (.081$) 
29,6 ,862 "921.600 d, $7,009 .1(96 
' 
,067 
(28.928) (.207) (21,693) (,008) 
.10 
(.1380) 
.10 
(.1871) 
.30 
(.080$) 
,001 
29.Î ,83$ 4236.278 d. -1$.006 .9$7 3lt.%3 12.683 ,069 
(]$,999) (.32lt) (68,30$) ($10,167) ($7,000) (.0%) 
.ItO ,01 N.S. K,S, M,S. ,001 
(.3611) (.4%) (-,1171) (.1?$8) 
29,8 ,993 •2$37.1(39 6.336 d. 196.3l($ 
(.13$) (13.902) 
.001 .001 
®d."denotes dependent variable; N.S.-not significant at the ItO percent level, 
"Standard error. 
^level of significance. 
®Hean elasticity. 
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Traditionally, there have been two distinct management sys­
tems. In the first, hogs are farrowed in the spring, fed and 
pastured over summer, and sold in the fall. In the second 
system hogs which farrow in the spring are bred again to far­
row in the fall. In recent years, three litter and four lit­
ter systems have found increasing acceptance, but peak farrow­
ing months still remain March, April and August, September. 
Traditionally, the spring crop has been very much larger than 
the fall crop of pigs saved. The ratio of the number of spring 
pigs saved relative to fall pigs saved averaged I.87 for the 
period 1931 to 1935 but declined to I.3I for the period 1956 
to i960. Seasonality in farrowing patterns are therefore 
disappearing. The number of fall farrowings are determined 
by both autonomous factors and the development of current 
economic conditions. Many producers breed sows for fall far­
rowing after they have been initially used for spring farrow­
ing. This decision is not influenced by current economic 
conditions. On the other hand, with farrowing increasingly 
dispersed through the year, current economic conditions should 
be of some influence. 
In Table 29 we generally find statistically significant 
coefficients for the hog-corn ratio X22» current production of 
feed grains and the beef-corn ratio X22' The autonomous 
effect is largely determined by the number of spring farrow­
ings and spring pigs saved X23' This inventory effect is 
26? 
large relative to changes in fall farrowings induced through 
changes in current economic conditions. Since however, the 
latter effects are statistically significant, they should be 
included in a predictive equation of fall farrowings. In 
equation 29*1 we estimate fall farrowings Xy as determined by 
the hog-corn ratio during the second quarter of the year X12» 
the current annual egg-feed ratio current production of 
feed grains the beef-corn ratio in the second quarter of 
the current year X22 and the number of spring farrowings and 
spring pigs saved X23. All coefficients in this equation are 
statistically significant. Prom equation 29.1 it would appear 
that both egg production and beef production are complementary 
in the short run with an expansion of hog production. Since 
the coefficients of variables X^  ^and X22 sire statistically 
significant, this complementary effect cannot be Imputed to 
deficiencies in estimation technique. A one percent increase 
in the hog-corn ratio in the second quarter of the current 
year increases the number of fall farrowings by .1058 percent. 
An increase of one percent in current production of feed 
grains X15 increases fall farrowings by .2192 percent. The 
cross price elasticity for the beef-corn ratio X22 equals 
.0815. The cross price elasticity for the current annual egg-
feed ratio Xi^  equals .19O8, which appears to be too large 
relative to the response effect generated by variables X22 and 
X22' In equation 29*2 we exclude current production of feed 
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grains and the coefficient of multiple determination de­
clines substantially, emphasizing that production of feed 
grains is an important variable in determining the number of 
fall farrowings. In equation 29*3 we include the lagged 
annual beef-feed price ratio the lagged annual milk-feed 
price ratio Xgo and the lagged annual hog-corn ratio X21. A 
one percent increase in variable X21 increases the number of 
fall farrowings by .9937 percent. It would appear that the 
relatively large response in variable X21 is partially due to 
a corresponding decrease in importance of the inventory effect 
represented by X23• It should be recalled that the number of 
spring farrowings and spring pigs saved are dependent upon the 
lagged corn-hog ratio X21, and hence the effects of variable 
X21 and variable X2J are to some extent interchangeable. 
Beef production in equation 29*3 appears to be comple­
mentary with hog production. The cross price elasticity for 
the lagged annual beef-feed price ratio X^ g equals .0684. 
Milk production in equation 29.3 is competitiye.with hog pro­
duction. The cross price elasticity for the lagged annual 
milk-feed price ratio X20 equals .0^ 72. The cross price elas­
ticity for the current annual egg-feed ratio X^  ^appears to be 
too large relative to the other cross price elasticities in 
this equation. In equation 29.6 we exclude variable X^ .^ The 
coefficient of multiple determination declines significantly. 
The direct price elasticity of the hog-corn ratio in the 
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second quarter of the current year equals .138O. An Increase 
of one percent in current production of feed grains X15 in­
creases production by .I87I percent. The cross price elas­
ticity of the beef-corn ratio in the second quarter of the 
current year X22 equals .O8O5. All coefficients are statis­
tically significant. Equation 29*7 includes only lagged price 
variables or predetermined variables. The advantage of this 
equation is that the number of fall farrowings can be predict­
ed without knowledge about the development of economic condi­
tions in the second quarter of the current year. The somewhat 
lower coefficient of multiple determination in equation 39*7 
indicates that some sacrifice in predictive accuracy is neces­
sarily associated with this procedure. The response elas­
ticity of current production of feed grains increases to 
.3611. The response elasticity of the lagged annual hog-corn 
ratio X21 declines to .1758* The inclusion of the trend vari­
able X2_4 is largely responsible for this sharp decline rela­
tive to the findings for variable X21 in equations 29.3 and 
29.4. The number of fall pigs saved is closely related to the 
number of fall farrowings. In equation 29.8, the number of 
fall pigs saved Xg is determined by the number of fall farrow­
ings Xy and a trend variable X^ .^ The coefficient of the trend 
variable is positive indication that the number of pigs saved 
per litter has increased over the past thirty years. Equa­
tions 29*6 and 29*7 are best suited for predictive purposes 
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I 
and for application in policy models. 
Total United States number of hogs 
less than six months old 
Table JO summarizes the results obtained in estimating 
the total number of hogs, less than six months old, Xg, at 
January 1. Variable X2 is substantially determined by the 
Table 30. Total number of hogs, less than six months old 
(X24) at January 1, United States, 1931 to I960, 
showing regression coefficients with standard 
errors and levels of significance; data used are 
actual observations®-
Equa­
tion E2 Constant 2^4 X8 %13 X2I 
30.1 .987 -314.395 d. .891 
( .032) 
.001& 
2.417 
(49.860) 
N.S. 
8.717b 
(84.979)0 
N.S. 
( .0037)' 
30.2 .987 -260.630 d. .894 .622 
(45.025) 
N.S. 
30.3' .987 -287.093 d. .892 
(.028) 
.001 
7.271 
(78.090) 
N.S. 
( .0031) 
-^d.-denotes dependent variable; N.S.-not significant at 
the 40 percent level. 
R^égression coefficient. 
°Standard error. 
L^evel of significance. 
SMean elasticity. 
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number of fall pigs saved Xg. In equation 30.I we include in 
addition to variable Xg, the hog-corn ratio in the last quar­
ter of the previous year and the lagged annual hog-corn 
ratio X21. The coefficients in this regression do have the 
expected signs, but the response effects for the price vari­
ables are not statistically significant. The price elasticity 
I 
for the lagged hog-corn ratio X21 equals .0037 which is quite 
small. If we exclude variable X^ ,^ then the coefficient of 
multiple determination is not affected, nor is the price elas­
ticity of the lagged annual hog-corn ratio Xgi- The Inclusion 
of a weather index, if observable without great error, might 
have raised the coefficient of multiple determination some­
what. Nevertheless, they are quite satisfactory with the 
present set of regressor variables. 
Total United States hogs more than six months old 
Table 3I summarizes the results obtained in estimating 
the total United States number of hogs more than six months 
old and the number of sows and gilts more than six months old 
at January 1. In estimating variable (X3 + Xji^ ) we have dis­
tinguished between the periods 1931 to 1960 and 19^7 to i960. 
The response elasticities between these periods are not very 
different but the coefficients of multiple determination are 
substantially higher for the post-war period 19^7 to i960. 
In equation 31 •! variable (X3 + Xji^ ,) is substantially deter-
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Table 31» Totâ Mted States number of hogs, more than six months old (Xj + X|)^j and total mmher of sows and gilts, more than six months old 
at Januarjf 1, stoning regression coefficients dth standard errors, levels of significance and mean elasticities; data used are actual 
observations^ ' 
Ep" 
tion Period E2 Constant (%A (:5+4)w (X^ + \ (% ^ ^^4 hk % % 
31,1 1931 to 1560 .875 lla.776 d. .1(6? 
(,Q )^ 
.001 
-638.730 
(72.166) 
.001 
3.53li^ (1,78)'= 
.# 
(.2535)* 
127.311 
(203,%) 
U, 
(.0505) 
31.2 1931 to I960 ,856 2032.933 d. .497 
(.051) 
.001 
-51a,977 
(55.960) 
.001 
251,252 
(203,679) 
.30 
(.1193) 
31.3 1931 to I960 .871 1215.751 d. .501 
(.%) 
.001 
"#3,(# 
.001 
(1.830) 
li.S, 
(.2290) 
69.1)61 
(206.862) 
li.S. 
(,0330) 
31.lt 19lt? to I960 .968 11276.910 
1 
d. .ItO? 
(.0%) 
.001 
-1072.11I9 
(78.611) 
.001 
3,999 
(1,331) 
,02 
^WW) 
21)6.773 
(11)0,256) 
.10 
(.1172) 
31.5 19li? to I960 .970 13525,20!; d. .1)25 
(.067) 
.001 
-1110.030 
(77,366) 
.001 
3.5% 
(1.291) 
.05 
(,%%) 
0&&6 
(135,357) 
.20 
(.10^0) 
31.6 1931 to I960 ,816 d. .070 
(.013) 
.001 
•122.1)16 
(20,516) 
.001 
1,683 
(.511) 
.01 
(.3521) 
%LM6 
(97.720) 
.001 
(.1I171) 
31.7 1931 to I960 .739 3lt2.S09 d. .081) 
(.015) • 
.001 
•76.1)53 
(17.671») 
.001 
358.11)8 
(6k,67B) 
.001 
(.1)960) 
"denotes dependent variable; H.S.-not significant at the liO percent level, 
degression coefficient. 
standard error. 
^level of significance. 
%an dasticity. 
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mined by the number of spring farrowings and spring pigs saved 
(X^  + Xg) of the previous year, a trend variable X^ , produc­
tion of feed grains in the preceding year X19 and the lagged 
annual hog-corn ratio Xgi* A one percent increase in variable 
X29 increases variable (X^  + Xji^ ) by .2535 percent, indicating 
that farmer's production plans in hog production are closely 
linked with feed availability. The influence of the lagged 
annual hog-corn ratio is relatively small with an elasticity 
coefficient .0605. This effect is supplementary to the 
autonomous effects of (X^  + X5) and X^ .^ In equation 31*3 we 
replace variable (X^  + X^ ) by the number of spring pigs saved 
plus the number of fall farrowings (X^  + Xy) of the previous 
year. Substantially the same results as in equation 31•! are 
obtained. The price elasticity of the hog-corn ratio declines 
to .0330* indicating that the inclusion of fall farrowings has 
I 
partially absorbed the response effect induced through changes 
in the hog-corn ratio. In equation 31*4 we estimate equation 
31.1 for the period 19^ 7 to i960. The coefficient of multiple 
determination increases to 96.8 percent. All coefficients in 
this equation have the expected signs and are statistically 
significant. In equation 31*5 we estimate equation 31*3 for 
the period 19^ 7 to I96O. The coefficient of multiple deter­
mination increases to 97*0 percent. All coefficients in this 
equation have the expected sign and are statistically signifi­
cant. An Increase of one percent in the production of feed 
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grains in the previous year increases the variable 
(X^  + X5) by .2556 percent. The corresponding price elas­
ticity for the lagged hog-corn ratio equals .1040, indicating . 
that the feed-grain production effect is more important than 
the price effect of variable X21. In equation 21.6 we esti­
mate the number of sows, more than six months old on farms X-j. 
This variable determines the number of spring farrowings, 
since hogs cannot be bred before they are six months of age. 
Variable X^  was estimated for the period 1931 to i960. In 
equation 3I.6 we include the number of spring farrowings plus 
spring pigs saved plus fall farrowings (X^  + X^  + Xy) of the 
previous year and a trend variable.X^ ,^ total production of 
feed grains in the previous year and the lagged hog-com 
ratio X21. All coefficients have the expected sign and are 
highly significant. We observe that both feed-grain produc­
tion and the lagged hog-corn ratio are important variables in 
this equation. An increase of one percent in feed-grain pro­
duction X]_9 increases the number of sows, older than six 
months by .3521 percent. An increase of one percent in the 
lagged hog-corn ratio increases the number of sows older than 
six months by .4171 percent. It thereby follows that farmers' 
decisions to expand or contract the breeding stock are sub­
stantially influenced by variables X^  ^and X21. 
Changes in the hog cycle are primarily generated through 
changes in the number of sows on hand at January 1. Variable 
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is therefore the single most important variable in the nine 
equation model developed here. The coefficient of multiple 
determination equals 81.8 percent, which is lower than desir­
able, considering that this variable triggers the behavior of 
the hog cycle. Both variables X2 and (X^  + X^ j,) were estimable 
with much greater accuracy than variable X^ . It is possible 
therefore that the division of sows and gilts and "other" hogs 
is subject to an error, which arises in reporting the January 
1 hog inventory. Improved reporting techniques would make it 
possible to estimate variable Xj more reliably. 
Tables 27» 28, 29, 30 and 3I summarize the estimated 
relationships obtained for the eight dependent variables in a 
nine equation model of United States hog production. By taking 
different relationships for each dependent variable, a number 
of models may be generated that are somewhat different with 
respect to the independent variables which are used to esti­
mate the dependent variables. It would appear that a number 
of such models are of almost equal quality, so that no real 
basis for differentiation exists. In such cases, simplicity 
of formulation may be taken as a guide rule in selecting the 
appropriate relationships for predictive and policy making 
purposes. We would suggest a model containing the following 
equations; 2?,?; 28.5; 28.6; 29.6; 29.8; 30.3; 31.5: 31.6. 
This model is presented below, in Table 32. 
Table 32. A nine equation model of the United States hog economy, 1931 to I960; data used are 
actual observations^ 
Eq. 1 
Eq. 2 
Xlt = X2t + X3t + Xiit 
Eq. h 
Eq. 5 
Eq. 6 
X3t = -525.562 + 
= .818 
Eq. 3 = 13525.205 + 
= .970 
X2t = -207.093 + 
= .987 
X^t = -399.686 + 
R^ = .956 
.070(X5 +X6+X7)t_i - 122.116 Xiht + 1.683 Xiut + 301.176 Xpit 
.m 1 ^ on _ O A') 1' cf n ^ ( 013) 
.001 
.425(X6+%7)t-l 
(.067) 
.001 
.001 
.001 
Xat = 167.176 + 5.703 Xgt 
( .l6ii) 
(20.516) 
.001 
(.511) 
.01 
(.3521) 
(57.720) 
.001 
(.U171) 
R^  = . .001 
- IIIÛ.030 Xni,+ + 3.56b Xiyt + 219.016 X?i + 
(77.366) * (1.291) (135.357) 
.001 .05 .20 
(.2556) (.lOW) 
+ 7.271 Xgit 
(78.090) 
K.3. 
(.0031) 
+ Hi .013 Xpit 
(26.536) 
N.S. 
(.2185) 
.001 
®For ai^y one variable the associated figures denote consecutively the regression coefficient, 
the standard error of the regression coefficient, the level of significance, and the mean elasticity. 
N.S.-not significant at the 1;0 percent level. 
Table 32. (Continued) 
Eq. 7 7^t = -921.600 + 
' = .862 
57.009 Xnpt 
(28.928) 
.10 
(.1380) 
.10 
(.1871) 
+ 31.798 X22t + 
(2k.693) 
.30 
(.0805) 
.001 
Eq. 8 Xyt = -2537.439 + 
= .993 
6.336 Xyt 
1.135) . 
.001 
+ 196.315 Xiht 
(13.902) 
.001 
Eq. 9 = -3976.311 + 
= .978 
.546 Xit 
(.139) 
.001 .001 
+ 58.918 XiQt 
(18.955) 
.01 
(.0443) 
.001 
(.2130) 
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Supply Relationships for Major Regions and Sub-Regions 
Total annual production of hogs by regions 
Past research on supply response in hog production has 
paid little attention to regional disaggregation. Maki (62) 
and Dean and Heady (20) however have studied the North Central 
States as a sub-region within a national model. In our study 
we distinguish six major geographic regions within the United 
States. In a further level of disaggregation we separate the 
North Central States into three regions which are more nearly 
homogeneous with respect to types of farming found in that 
region. 
Most of the statistical analysis developed in terms of 
national aggregates have found little or no application in 
public policy making. It is not surprising therefore that 
the demand for regionally disaggregated studies has been quite 
limited. With direct government participation in the agricul­
tural economy it would be desirable to be able to evaluate 
with some reliability alternative government policies with 
respect to the impact they have on production, prices and in­
comes. Regional disaggregation is one further and necessary 
step in this direction since government policies affect not 
all regions to the same extent and the benefits of a given 
government program may therefore be distributed inequitably. 
We think it quite possible that better forecasts of production 
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and prices can be made through the collective Judgment of many 
students who in their work concentrate on a specialized area 
of Information. The synthesizing of specialized knowledge, 
however, is a formidable task. Furthermore, it would appear 
to us that the agricultural industry is highly interdependent 
in its component activities. A specialist in one area will 
generally be inclined to consider the current developments in 
his particular area to be largely independent of the develop­
ments occurring elsewhere in the agricultural economy. The 
chief advantage of a comprehensive model of the agricultural 
industry lies in the possibility of studying the interdepen-
dencies among agricultural activities. Only when both the 
supply and demand for a product have one single characteristic 
variable can we have a truly independent system of activities 
in agriculture. But even then, given a limited fund of public 
money, we will have to consider a simultaneous system of equa­
tions if the transfer of public money to agriculture is to 
meet certain predetermined standards of equitability. Re­
gional disaggregation is potentially a useful tool in attain­
ing a more rational conduct of agricultural economic policy. 
Regional disaggregation aims at the delineation of areas which 
are homogeneous within but heterogeneous without. No single 
criterion exists for measuring homogeneity since such a meas­
urement must be the resultant of a number of characteristics, 
the weights of which must be assigned on an arbitrary basis'. 
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The choice of geographic regions in this study is not entirely 
defensible if we aim at homogeneity of type of farming. The 
United States Department of Agriculture in this connection 
prefers a set of production regions which do not coincide 
identically with geographic regions. Production and price 
data are however more readily available for the latter group­
ings and guided the choice toward geographic regions as sub-
national areas in this study. Hegional disaggregation permits 
the researcher to take account of regionally specific vari­
ables, the effect of which would not be observable in a 
national analysis. Elsewhere we have discussed the bias which 
may arise through the aggregation of distinctly different 
structural relationships and the statistical criteria which 
are suggicient to initiate a regional analysis so as to obtain i 
estimates on the national level which are superior than those 
obtained from a model fitted to aggregated observations. 
Table 33 summarizes total annual hog production by 
regions and sub-regions for the period 1931 to i960. Equation 
I 
33*1 relates to the North Atlantic States, Average production 
from 1956 to i960 in this region has increased very little 
relative to the period 1931 to 1935* Production expanded at 
a rate of I6 million pounds live weight per year until 19^ 5» 
since then production declined to the previously noted level. 
For the period 1956 to i960 the North Atlantic States account­
ed for 1.5^  percent of total United States production. Equa-
Table 33» Total annual hog production Xq, by regions and sub-regions, 1931 to 
i960, showing regression coefficients with standard errors, levels of 
significance and mean elasticities; data used are actual observations®' 
Equa-
tion Region Constant % Xl X6 %10 %16 
33.1 North 
Atlantic 
States 
.957 104.902 d. .029 
(.031) 
N.S. 
.396 
(.036) 
.001 
2.220% 
(.643)0 
.01* 
(.0872)6 ( 
-.479 
(.221) 
.05 
-.1155) 
33.2 East North 
Central 
States 
.985 -1470.352 d. .103 
(.017) 
.001 
.305 
(.021) 
.001 
5.025 
(4.860) 
.40 
(.0129) 
1.248 
( .226) 
.001 
(.1635) 
33.3 West North 
Central 
States 
.960 -1721.181 d. .054 
(.019) 
.249 
(.021) 
61.239 
(12.243) 
.001 
(.0985) 
1.154 
(.211) 
.001 
(.1908) 
33.4 South 
Atlantic 
State s 
.974 -57.474 d. .044 
(.016) 
.01 
.242 
(.020) 
.001 
2.691 
(1.575) 
.10 
(.0297) 
.867 
(.343) 
.02 
(.1054) 
d^.-denotes dependent variable ; N.S.--not significant at the 40 percent level. 
R^egression coefficient. 
s^tandard error. 
Level of significance. 
eMean elasticity. 
Table 33*  (Continued) 
Equa-
tion Region Constant X9 Xl X6 %10 %16 
33.5 South 
Central 
States 
.925 -1197.393 d. .109 
(.015) 
.001 
.256 
(.030) 
.001 
24.325 
(4.093) 
.001 
(.1547) 
2.285 
(.537) 
.001 
(.2785) 
33.6 Western 
States 
.919 243.491 d. .040 
(.032) 
N.S. 
.134 
(.020) 
.001 
3.549 
(2.013) 
.10 
( .0910) 
+. 836 
(.456) 
.10 
(+.1162) 
33.7 Subgroup A .955 -2003.112 d. .084 
(.0256) 
.01 
.331 
(.031) 
.001 
41.568 
(15.509) 
.02 
(.0599) 
33.8 Subgroup B .924 365.009 d. .075 
(.027) 
.05 
.273 
(.028) 
.001 
19.554 
(3.870) 
.001 
(.1167) 
33.9 Subgroup C .862 -73.448 d. .088 
(.029) 
.01 
.185 
( .030) 
.001 
24.059 
(7.214) 
.01 
(.1531) 
fSubgroup A: Ohio, Indiana, Illinois, Iowa, Missouri. 
Subgroup B: Michigan, Wisconsin, Minnesota. 
Subgroup C: North Dakota, South Dakota, Nebraska, Kansas. 
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tlon 43.1 includes as independent variables the total number 
of hogs and pigs on farms at January 1 (X]_), the number of 
spring pigs saved X5, the current price received by farmers 
for hogs sold X^ q and total production of feed grains X^ .^ 
The coefficient of multiple determination equals 95*7 percent. 
The current price elasticity for variable X^ g equals .0872. 
This coefficient is statistically significant, indicating that 
current price received for hogs has a significant effect on 
hog production. This region produces very little feed grains 
and is a major importer of feed grains. This, however, by it­
self cannot explain the negative coefficient obtained for 
variable X16. The supply response of variable X^ g is statis­
tically significant. 
Equation 33*2 relates to the East North Central States. 
Hog production in this region increased from 4.0 billion 
pounds liveweight in the early thirties to 6.3 billion pounds 
in the late fifties. The period 1931 to 1945 marked an inter­
val of rapid growth, but production since then has expanded 
little. This region in 1956 to i960 accounted for 32.4 per­
cent of total U.S. production, and has increased its relative 
importance since the early thirties. In equation 33*2 all 
variables have the appropriate signs. The coefficient of 
multiple determination equals 98.5 percent. A one percent 
change in current production of feed grains increases produc­
tion of hogs by .1635 percent. The current price received by 
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farmers for hogs sold X q^ has little influence on current 
production. The elasticity coefficient for variable 
equals .0129, and is statistically significant only at the 
fifty percent level... 
Equation 33«3 relates to the West North Central States. 
This region is of major importance in hog production. Produc-
I 
tion expanded from 7.1 billion pounds liveweight in the period 
1931 to 1935 to 9.2 billion pounds liveweight in 1956 to i960. 
Peak production was attained at the end of the second world 
war; it has subsequently suffered a decline and recovery in 
production, largely coincidental with the four year hog cycle 
emerging in the post-war years. In 1956 to i960, 47.2 percent 
of total U.S. hog production originated in this region. The 
coefficient of multiple determination in equation 33*3 equals 
96.0 percent. All coefficients have the expected signs and 
are highly significant. A one percent increase in current 
feed grain production increases hog production by .19O8 per­
cent. A significant response exists with respect to the cur­
rent price received by farmers for hogs X^ g. A one percent 
i 
increase in variable Xjq increases current production by .0985 
percent. 
Equation 33*^  relates to the South Atlantic States. Pro­
duction in this region expanded from .9 million pounds live-
weight in the early thirties to 1.4 million pounds liveweight 
I 
in the late fifties. Production achieved a maximum at the 
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closing of the second world war and has been virtually stable 
since then. The impact of the hog cycle in this area is not 
as noticeable as in the West North Central States. Annual 
variability in hog production in this region is very much less 
than in the West North Central States. In the period 1956 to 
i960 this region accounted for 7.I percent of national produc­
tion, this share has been virtually constant during the past 
three decades. The coefficients in equation 33.4 all have 
the expected signs and are statistically significant. A one 
percent increase in current feed grain production increases 
production of hogs by .105^  percent. Current prices received 
for hogs soldiX^ Q exhibit a significant response effect. A 
one percent increase in variable increases current produc­
tion of hogs by .0297 percent. 
Equation 33*5 relates to the South Central States. Pro­
duction of hogs in this region increased from I.7 billion 
pounds liveweight in the early thirties to I.9 billion pounds 
liveweight in the late fifties. The Intervening period wit­
nessed a rapid rate of growth until 1945, but production de­
clined rapidly during 1946 to 1950» since then it has remained 
virtually stable. Annual variability in this region was 
irregular, particularly from I951 to 1955 which followed a 
five-year interval of very little annual variation. In the 
late fifties the South Central States accounted for 9.8 per­
cent of total United States production. In equation 33*5 all 
286 
coefficients have the appropriate signs. The coefficients of 
multiple determination equals 92.5 percent. A one percent in­
crease in current feed grain production increases produc­
tion by .2785 percent. This coefficient is statistically sig­
nificant. A one percent increase in the current price of 
hogs increases current production by 15«^ 7 percent. This 
coefficient is statistically significant. 
Equation 33«6 summarizes the results obtained for the 
Western States. Production in this region equalled .5 billion 
pounds liveweight in the early thirties, in the late fifties 
production had declined to .4 billion pounds liveweight. In 
the intervening period, hog production initially increased 
until the end of the second world war but has since then de­
clined. The relative importance of the Western States in hog 
production is minor, only 2.01 percent of national production 
originated from this area in the late fifties. Annual vari-
abil ty in production is large relative to the national aver­
age. In equation 33*6 all coefficients have the expected 
signs, and all are statistically significant. A one percent 
increase in current feed grain production increases pro­
duction by .1162 percent, the corresponding coefficient for 
the current price received for hogs by farmers equals .O9IO 
percent. 
Equations 33.7, 33*8 and 33*9 refer to subgroupings of 
the North Central States. Subgroup A includes Ohio, Indiana, 
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Illinois, Iowa and Missouri. Subgroup B includes Michigan, 
Wisconsin, and Minnesota. Subgroup C includes North Dakota, 
South Dakota, Nebraska and Kansas. Equation 33*7 summarizes 
the results obtained for subgroup A. This group of states is 
very important in hog production. Approximately sixty percent 
of total U.S. production originates in these five states. In 
equation 33*7 all variables have the appropriate sign. The 
coefficient of multiple determination equals 95*5 percent. 
An increase of one percent in the current price received by 
farmers for hogs X^ O increases current production by .0599 
percent. 
Equation 33*8 refers to subgroup B. This group of states 
is relatively unimportant in hog production. All coefficients 
have the expected signs and are statistically significant. 
The coefficient of multiple determination equals 92.4 percent. 
The price elasticity for variable X^o equals .II67. 
Equation 33*9 refers to subgroup C. This group of states 
contributes only a small proportion to total hog production. 
The coefficient of multiple determination equals 86.2 percent. 
All coefficients have the expected signs and are statistically 
significant. The current price elasticity for variable X^ g 
equals .1531» which exceeds the corresponding estimate of sub­
group A and subgroup B. 
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Total number of spring farrowings 
and spring pigs saved by regions 
I 
Table 3^ presents the total number of spring farrowlngs 
and spring pigs saved X5, by regions and sub-regions for 
the period 1931 to i960. The number of spring farrowlngs is 
determined by the number of sows and gilts more than six 
months old, on farms at January 1, X^ , a trend variable 
and the lagged annual weighted hog-corn ratio X21. The number 
of spring pigs saved X5 is in turn determined by the number of 
spring farrowlngs X^  and a trend variable X^ Zj.. A perusal of 
the coefficients of multiple correlation in equations 3^*1 
through equation 34.2? Indicates that the above relationships 
are quite successful. The Inventory effect of variable Xj is 
in all cases highly significant, indicating that the number of 
sows, more than six months old at January 1 is the dominant 
explanatory variable in all these equations. The coefficient 
associated with the trend variable X^ l^  may have a positive or 
negative sign, depending on the region or sub-region. The 
trend effect is significant only for the Western States and 
subgroup A, which includes Ohio, Indiana, Illinois, Iowa and 
Missouri. The coefficient associated with the lagged annual 
hog-corn ratio X21 is positive for all regions and sub-regions, 
which is in accordance with theoretical considerations. Except 
for the Western States, the coefficients associated with vari­
able X21 are not statistically significant. The price elas-
Table 3^ . Total number of spring farrowings and spring pigs saved X5, by 
regions, 1931-I960, showing regression coefficients with standard 
errors, levels of significance and mean elasticities; data used are 
actual observations®' 
Equa­
tion Region Constant 3^ X, X6 %21 
34.1 North 
Atlantic 
States 
34.2 North 
Atlantic 
States 
34.3 North 
Atlantic 
States 
34.4 East North 
Central 
States 
.977 -31.766 
.968 
.980 
'974 
-32.018 
-59.754 
1.065 
( .041) 
.001 
1.064 
( .038) 
.001 
d. 
d. 
-11.009 .921 
(.043) 
.001 
6.469 
(.182) 
.001 
d. 
d. 
.023 
(.116) 
N.S. 
.020 
(.103) 
N.S. 
3.680 
(.540) 
.001 
-1.724 
(1.351) 
N.S. 
.0397° 
(.6518)0 
N.S.a 
( .0323)2 
.169 
(5.763) 
N.S. 
( .0010) 
d^.-denotes dependent variable; N.S.-not significant at the 40 percent level. 
• R^egression coefficient. 
s^tandard error. 
&Level of significance. 
©Mean elasticity. 
Table 34. (Continued) 
Equa-
tien Region Constant Xj 
34.5 East North .974 -10.54? .922 
Central (.033) 
States .001 
34.6 East North .975 936.901 
Central 
States 
34.7 West North .954 -208.910 1.002 
Central (.056) 
States .001 
34.8 West North .953 -242.878 .979 
Central (.042) 
States .001 
34.9 West North .982 -I70.093 
Central 
States 
34.10 South .827 -4.569 .832 
Atlantic (.100) 
States .001 
34.11 South .826 .754 .852 
Atlantic (.086) 
States .001 
34.12 South .977 139.846 
Atlantic 
States 
X3 X5 Xiif, X21 
d. 
5.510 
(.247) 
.001 
d. 
d. 
5.716 
(.154) 
.001 
d. 
d. 
5.088 
(.231) 
.001 
d. 
d. 
d. 
-1.781 
(1.305) 
N.S. 
83.821 
(8.798) 
.001 
-3.934 
(4.211) 
N.S. 
-5.126 
(3.712) 
N.S. 
175.712 
(13*726) 
.001 
-.785 
(1.051) 
N.S. 
-.571 
(.913) 
N.S. 
29.243 
(2.218) 
.001 
+11.264 
(18.035) 
N.S. 
(.0385) 
2.176 
(5.052) 
N.S. 
( .0391) 
Table 34. (Continued) 
Equa-
tion Hegion R Constant Xi 
34.13 South .772 227.843 .531 
Central (.O90I 
States .001 
34.14 South .762 255.600 .589 
Central (.073) 
States .001 
34.15 South .976 -209.792 
Central 
States 
34.16 Western . .909 -348.469 2.351 
States (.187) 
.001 
34.17 Western .881 -400.393 2.006 
States (.158) 
34.18 Western .999 -39*299 
States 
.001 
34.19 SubgroUT) A .926 299.076 .870 
( .060) 
.001 
X5 X5 %21 
-3.549 12.624 
(3.190) (11.581) 
N.S. N.S. 
( .1501) 
d. -.890 
(2.062) 
N.S. 
5.682 d. 34.265 
(.173) (3.376) 
.001 .001 
d. 10.220 +18.907 
(2.140) (6.710) 
.001 .01 
(.7504) 
d. 6.077 
(1.743) 
.01 
5.996 d. 5.675 
(.044) (.882) 
.001 .001 
d. -8.119 3.761 
(4.245) (9.362) 
.10 N.S. 
(.0140) 
Table 34. (Continued) 
Equa- 2 
tion Region R Constant X5 Xilf X21 
34.20 Subgroup A .926 302.048 .882 
(.052) 
.001 
d. 8.492 
(4.077) 
.05 
34.21 Subgroup A .977 651.750 5.591 
(.222) 
.001 
d. 182.895 
(15.133) 
.001 
34.22 Subgroup B .941 -33.674 .895 
(.057) 
.001 
d. .221 
(1.102) 
N • S • 
1.527 
(5.121) 
N.S. 
(.0193) 
34.23 Subgroup B .941 -29.350 .905 
( .044) 
.001 
d. .382 
(.945) 
N.S. 
34.24 Subgroup B .976 -54.099 6.017 
(.186) 
.001 
d. 37.640 
(3.739) 
.001 
34.25 Subgroup C .916 -187.914 .965 
(.077) 
.001 
d. -1.272 
(3.571) 
N.S. 
9.533 
(10.679) 
N.S. 
.1088 
34.26 Subgroup C .914 -134.500 1.000 
(.066) 
.001 
d. .547 
(2.922) 
N.S. 
34.27 Subgroup C .794 1430.147 4.763 
(.500 
.001 
d. 15.915 
(23.083) 
N.S. 
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ticitles associated with variable X21 are quite small, except 
1 
for the South Central States, the Western States and subgroup 
C, which includes North Dakota, South Dakota, Nebraska and 
Kansas. 
The relationships which estimate the number of spring 
pigs saved are quite satisfactory in all regions. In all in­
stances the trend effect is positive, indicating that more 
pigs per litter are saved in all regions over successive years. 
Except for subgroup C, the trend effect of variable is 
statistically significant. A comparison of trend effects, so 
as to measure regional differences in this respect, is not 
immediately meaningful since variable is also included in 
the estimated relationships. 
Total fall farrowings and fall pigs saved by regions 
Table 35 summarizes the results obtained in estimating 
the number of fall farrowings Xy and fall pigs saved Xg for 
the period 1931 to i960. The number of fall farrowings are 
determined by the current production of feed grains X^ ;^ the 
lagged beef-feed price ratio X^ g, the milk-feed price ratio 
X20, the lagged annual hog-corn ratio X21, the number of 
spring farrowings plus spring pigs saved X23 and the lagged 
I egg-feed price ratio ^ 27' 
Equations 35*1 and 35*2 present the results for the North 
Atlantic States. The coefficient of multiple determination is 
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Table Total imber of fall farrowings and fall pigs saved Ig, by ragions, 1% to I960, shoviing regression coefficients # standard 
erros, levels of significance and mean elasticities; data used k actual observations^ 
Eqiia- , 
tion Region R Constant Xg Xt|]| X^g X2Q Xg]^ , 
35,1 «• 10i|.2l8 d. 
Atlantic 
States 
35.2 north .660 
Atlantic 
States 
&dh 
Atlantic 
States 
35,It East North .890 
Central 
States 
35.5 East north .8' 
Central 
States 
d. 
4.9lt3 6.6ÎÎ 
(.058) 
•l|l|6.52lt d, 
•1(72.626 d. 
3$,6 East north .992 -275.111 
Central 
States 
3$,7 West North .811 
Central 
States 
6,36$ 
(.175) 
-.7%^  
".690 
.01 
(" >1(858) 
2.189 
(.21(3) 
.001 
d. 50.1(88 
-26.8514 5,l|62 .065 -.1)12 
(16.952) (2.197) (.016) (I.3O1) 
,20 .05 .01 11.5. 
(-.3609) (.50?7) ("M) 
3.80l( .063 
(l.92l() (.015) 
.10 .001 
(.3550) 
.1(53 12,901 
(.186) (1L29D) 
.05 N.S, 
(.#) (.06ll() 
m 
(.181) 
.02 
(.2098) 
.61(1 51,716 
(.127) (21.796) 
.01 • .05 
.093 
(n.683) (.012) 
I.S. .001 
(.0812) 
12# .097 
(11.225) (.012) 
.30 .001 
16.262 .Ol(l( 
(22.1(71) (.010) 
}i.S. .001 
(m#) 
®d.-denotes dependent variable; H.S.-not significant at the 1(0 percent level. 
Standard error. 
^level of significance. 
295 
Table 3^, (Contimed) 
tion E6gioii R Constant ïj X]j| X2Q ^23 ^27 
35.8 • West North .?6? -^23.^22 d. 2.825 .Ol|6 
Central (.133) (22.]?lt) (.010) 
States .001 H.S, .001 
( , '  
3$,9 lest North ,m '10l6.?06 6,313 d, 87.368 
Central (.l5l) (7.7%) 
States .001 .001 
3$,10 South M 21(8.165 d. -.506 lt.002 .111) 08.612 
Atlantic (.1(65) (7.601}) (.022) (l|.8l|l) 
States .10 N.S. .001 .10 
3$,11 South .63!) l53.82li d. ".%= ".026) .119 
Atlantic (.#) (7.W (.023) 
States .10 K.S. .001 
(-.2753) (-.012li) 
35.12 South ,?50 -111.278 5.803_ d. 
Atlantic 
States ' • .001 , .001 
35.13 South .# -152.565 d. .862 -3.302 -ll.ljtS .136 
Central , . (.231) (8.351|) (6.717) (.010) 
States .001 U.S. .10 .001 
(-.2100) (-.2251)) (.0018) 
35,lit South .88I1 -157.707 d. .875 -12.850 .136 
(as) 
States .001 .02 .001 
(.271^) (-.2606) (.0018) 
35.15 South .550 -1(52.2511 6.207 d. 31.352 
Central (.13.) (2.065) 
States .001 .001 
35.16 Western .561 .325 d. .372 11.000 -12.651t .136 
Wdw (W#) (aW 
.20 .10 .01 .001 
(.1220) (.281)9) (-.0801) (.006 
35.17 Western .555 25.1)75 d. .1)51 •5.^1 >132 
States (.250) (3.^32) (.006) 
.10 .02 .001 
(.1610) (-.0%) (.0066) 
Table 3$. (Continued) 
Equa­
tion Region i Constant % % % % I20 X21 Ï23 X27 
35.18 Western 
States 
"li8.132 
(.093) 
,001 
d, &#3 
(1.61,6) 
.01 
Subgroup .805 •8?5.1tltO d, 
1 
8,555 
(28.2l|2) 
K.S. 
(.01)63) 
287.1)10 
(230.080) 
H.S. 
(.1891) 
il).55o 
(17.358) 
I.S. 
(.081)1)) 
.101 
(.013) 
.001 
35,20 Subgroup A >m •606.1?8 d. 
(27.291) 
I.S. 
(,1023) 
5.883 
(16.081) 
iS. 
(.031)1) 
,100 
(.012) 
.001 
35.21 Subgroup k •810,701 6J9 
(.181) 
.001 
d. 98,305 
(II.5I1I1) 
.001 
35.22 Subgroup B .636 86,201 d. 2lt,&2 (8,806) 
.01 
-101.078 
(^7.052) 
.05 
(.,6029) 
11.175 
(10.181) 
.30 
(.371)8) 
.036 
(.015) 
.05 
Subgroup B .iiS'2 -I2.65I1 d. 
1 
(lg,3&) 
iS. 
(-.2303) 
19.102 
(11.101) 
.10 
(.6363) 
,01)8 
(.017) 
.02 
3&& Subgroup B ,991 2#j% 6.610 
(.192) 
.001 
d. 16.180 
(2.660) 
.001 
35,25 Subgroup C .519 80.1,29 d. 11.877 
(10,925) 
li.S. 
(.2051) 
6.719 
(10,1,70) 
Î1.5. 
(.1633) 
...038 
(.008) 
.001 
35,26 Subgroup C .li97 78.671 d. l,2!l!l' 
(7.1,91)) 
K.S. 
(.0306) 
.039 
(.006) 
.001 
35,27 Subgroup C .992 -2l|6.25^ 6.122 (.ICG) 
,001 
d. 20.025 
(1,596) 
.001 
^Subgroup Ai Ohio, Indiana, Illinois, Iowa, Sssouri. 
Subgroup B; Michigan, Wisconsin, Minnesota, 
Subgroup G: North Dakota, South Dàota, Nebraska, Kansas. 
I 
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at a rather low level, however all variables but X27 have 
statistically significant effects. The coefficients of vari­
able has a negative sign, which we also observed in esti­
mating annual production of hogs X^ . An increase in current 
production of feed grains Xjé decreases fall farrowings by 
,5034 percent. This effect Is statistically significant at 
the five percent level. Milk production is competitive with 
hog production. An increase in the lagged milk-feed price 
ratio X21 by one percent decreases the number of fall farrow­
ings by .3609 percent. The number of fall farrowings is quite 
responsive to the lagged com-hog ratio X21. An increase of 
one percent in variable X21 increases the number of fall far-
rowings by .5097 percent. Hog production in this region is^  
competitive with egg production. An increase of one percent 
in the lagged egg-feed price ratio X2'p decreases the number of 
fall farrowings by .O66I percent. This effect is quite small, 
and is not statistically significant. In equation 35«2 we 
omit variables X20 and Xgy. The coefficient of multiple 
determination then declines by 3»^  percent. It would appear 
therefore that equation 35«1 is to be preferred over équation 
35-2. 
Equation 35*^  and equation 35*5 present the results foi 
the East North Central States. All coefficients have the ex­
pected signs, but some of the price effects are not statis­
tically significant. In equation 35*4 we observe a coeffl-
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oient of multiple determination of 89.0 percent. An increase 
of one percent.in current feed-grain production Increases 
the number of fall farrowings by .1950 percent. This effect 
is statistically significant at the five percent level. Hog 
production in this region appears to be complementary with 
beef production in the short run. An increase in the beef-
feed price ratio increases the number of fall farrowings 
by .06l4 percent. This effect is small and statistically not 
significant. An increase of one percent in the lagged hog-
corn ratio X21 increases fall farrowings by .0812 percent, 
this effect is small and statistically not significant. In 
equation 35«5» we omit the lagged beef-feed price ratio X^ g, 
which does not substantially affect the coefficient of mul­
tiple determination. The price elasticity of variable X21 
now increases to .1041 and becomes statistically significant.. 
It would appear that for reasons of simplicity in formula­
tion, equation 35*5 is to be preferred over equation 35*4. 
Equations 35*7 and 35*8 present the results for the West 
North Central States. All coefficients have the expected 
signs, but the price effect of the lagged hog-corn ratio X21 
is not statistically significant. In equation 45.7 the co­
efficient of multiple determination equals 81.1 percent. An 
increase in current feed-grain production X^  ^increases fall 
farrowings by .4758 percent, indicating that feed-grain pro­
duction is an important determinant in fall farrowing. Beef 
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production appears to be complementary with hog production. 
An increase in the lagged beef-feed price ratio increases fall 
farrowings by .2294 percent. This effect is statistically 
significant. An increase in the lagged annual hog-corn ratio 
X21 increases fall farrowings by .1195 percent, this effect 
is not statistically significant. In equation 35*8, we omit 
the lagged beef-feed price ratio, this causes a sharp decline 
in the coefficient of multiple determination. Hence we prefer 
equation 35»7 to equation 35*8. 
Equations 35*10 and 35*11 present the results for the 
South Atlantic States. The coefficients of multiple deter-, 
mination are not satisfactory in these relationships, but most 
of the variables included in these relationships are statis­
tically significant. This indicates that some unexplained 
factor must have been omitted, unless we assume a very large 
error of observation in the dependent variable. If the former 
possibility is relevant, then serial correlation will un­
doubtedly be observable in the residuals of equation 35*10* 
This however implies that the theoretical assumptions neces­
sary for the application of least squares are not met, auto-
correlated disturbances result in biased coefficients. This 
may have caused the negative sign for current feed-grain pro­
duction X26 equation 35*10. It is not immediately evident 
that the estimates of the lagged annual hog-corn ratio X21 and 
the lagged egg-feed price ratio X27 ^ .re biased, since the 
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obtained price elasticities are quite reasonable. Egg produc­
tion in this region appears to be competitive with hog pro­
duction. An increase of one percent in the lagged egg-feed 
ratio X27* decreases fall farrowings by .2566 percent. In 
equation 35*11 we omit variable Xg?* this causes the coeffi­
cient of multiple determination to decline by 4.1 percent. 
For this reason we prefer equation 35*10 over equation 35*11* 
Equation 35*13 and equation 35*14 relate the results 
obtained for the South Central States. The coefficients of 
multiple determination in these equations are satisfactory. 
An increase of one percent in total feed-grain production X]_g 
increases fall farrowings by .2688 percent. Beef production 
appears to be competitive with hog production. An increase 
of one percent in the lagged beef-feed ratio decreases 
fall farrowings by .2100 percent. The sign of the coefficient 
of the lagged hog-corn ratio is negative, which does not corre­
spond with a priori expectations. The coefficient is signifi­
cant however. In equation 35*14 we omit variable X^ g, without 
affecting the coefficient of multiple determination. Hence 
equation 35*1^  is to be preferred over equation 35*13* 
Equations 35*16 and 35*17 relate to the Western States. 
The coefficients of multiple determination are quite satisfac­
tory. In equation 35*16 the response elasticity of current 
feed-grain production equals .1220. Beef production is com­
plementary with hog production. The price cross elasticity 
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for the lagged annual beef-feed ratio equals .2849. The direct 
price elasticity of the lagged annual hog-corn ratio equals 
-.0801. All coefficients are statistically significant. In 
equation 35*17 we omit variable The coefficient of mul-
I 
tiple determination declines by .06 percent. Since the effect 
of variable is statistically significant, we prefer equa­
tion 35*16 over equation 35*17' 
Equations 35*19 and 35*20 report the results obtained for 
I 
subgroup A. The coefficients of multiple determination are 
not quite satisfactory. Except for variable X23 none of the 
other variables appears to exhibit a significant response 
effect. This is in sharp contrast with the results obtained 
for the East North Central States and West North Central 
States. It is possible that the grouping of subgroup A is 
not satisfactory. 
Equations 35*22 and 35*23 report the results obtained for 
subgroup B. The coefficients of multiple determination are 
not satisfactory. All coefficients however have the expected 
signs, and are statistically significant. Equation 35*22 is 
to be preferred over equation 35*23 because of the low coeffi­
cient of multiple determination in the latter. 
Equations 35*25 and 35*26 summarize the results obtained 
for subgroup C. The coefficients of multiple determination 
are not satisfactory. The response effect of the lagged hog-
com ratio is not statistically significant. 
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The number of fall pigs saved is determined by the number 
of fall farrowings and a trend variable This simple 
formulation gave satisfactory results in all cases. The co­
efficients of multiple determination are 99.0 percent or 
higher. No direct comparison between trend coefficients for 
different regions is possible because of the inclusion of a 
variable representing fall farrowings. The trend coefficient 
is positive in all cases, indicating that in equations 35»3» 
35-6, 35.9, 35.12, 35.15, 35.18, 35.21, 35.24 and 35-27 the 
number of pigs saved per litter farrowed in the fall has in­
creased steadily over the past thirty years. 
The total number of hogs, less 
than six months old by regions 
Table 36 presents the results obtained in estimating the 
number of hogs, less than six months old (X^ ) at January 1, by 
regions, for the period 1931 to i960. Variable X2 is deter­
mined by the number of fall pigs saved Xg, the lagged annual 
beef-feed price ratio, X^ g, the lagged annual milk-feed price 
ratio X20» and the lagged annual hog-corn ratio X21 and the 
lagged annual egg-feed ratio X2y. The coefficients of mul­
tiple determination are quite satisfactory for all regions, 
except the South Central States. We observe substantial dif­
ferences in the response elasticity of the lagged hog-corn 
ratio between regions. In relationships which contain only 
Table Total number of hogs, less than six months old X2 at January 1, by-
regions, 1931 to i960, showing regression coefficients with standard 
errors, levels of significance and mean elasticities; data used are 
actual observations^  
Equa­
tion Region Constant X2l\. X3 %8 2^0 2^1 X. 27 
36.1 
36.2 
North 
Atlantic 
States 
.948 102.006 d. .691 
(.036) 
.001 
East North .985 373.257 d. .888 
Central (.017) 
States .001 
36.3 West North .985 -680.491 d. .938 -92.750 
Central (.03I) (45.933) 
States .001 .10 
36.4 West North .983 -744.193 d. .906 
Central (.028) 
States .001 
7.378b 
(3.395)0 
.05& 
(.1119)3 
35.451 
(17.669) 
.10 
(.9931) 
44.857 
(36.672) 
.30 
(.5792) 
22.048 
(36.824) 
N.S. 
(.2845) 
•^d.-denotes dependent variable; N.S.-not significant at the 40 percent level. 
R^egression coefficient. 
cstandard error. 
L^evel of significance. 
©Mean elasticity. 
Table 36. (Continued) 
Equa­
tion Region Constant X24 Xg 1^8 2^0 %21 %27 
36.5 
36.8 
36.9 
South 
Atlantic 
States 
36.6 South 
Atlantic 
States 
36.7 South 
Central 
States 
South 
Central 
States 
Western 
States 
36.10 Western 
States 
,961 -141.348 d. 
.957 76.763 d-
.779 -398.542 d, 
.878 454.143 d. 
.877 444.358 d. 
.769 
(.050) 
.001 
.741 
(.048) 
.001 
1,009 -21.892 
(.117) (75.209) 
.001 N.S. 
.778 -401.078 d. 1.012 
.114 
( .001) 
.381 -3.882 
(.031) (22.754) 
.001 N.S. 
.383 
(.029) 
.001 
34.504 17.731 
(15.132) (10.438) 
.05 .20 
(.1250) 
47.712 
(13.428) 
.001 
(.1729) 
17.532 (61.485) 
N.S. 
(.4008) 
6.084 
(46.453) 
N.S. 
(.1391) 
12.391 
(14.948) 
N.S. 
(.1278) 
11.012 
(12.347) 
.40 
(.1135) 
"Table 36. (Continued) 
Equa­
tion Region R2 Constant ^ 24 X8 X18 %20 2^1 2^7 
36.11 Subgroup Af .901 -18.258 d. .866 
( .067) 
.001 
98.281 
(132.938) 
N.S. 
-63.664 
(78.176) 
N.S.; 
36.12 Subgroup A .899 485.095 d. .889 
(.059) 
.001 
-32.100 
(64.936) 
N.S. 
36.13 Subgroup B .981 8.435 d. .825 
( .028) 
.001 
44.694 
(60.832) 
N.S. 
-.870 
(14.200) 
N.S. 
36.14 Subgroup B .980 45.453 d. .823 
(.027) 
.001 
5.937 
(11.210) 
N.S. 
36.15 Subgroup C .968 -50.166 d. 1.000 
(.039) 
.001 
-21.448 
(17.441) 
N.S. 
-12.764 
(15.766) 
N.S. 
36.16 Subgroup C .967 -42.154 d. .993 
(.037) 
.001 
-20.430 
(11.436) 
.10 
fSubgroup A: Ohio, Indiana, Illinois, Iowa, Missouri. 
Subgroup B: Michigan, Wisconsin, Minnesota. 
Subgroup C: North Dakota, South Dakota, Nebraska, Kansas. 
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variable Xg and X2I* we observe a high price elasticity for 
variable X21 the East North Central States at ,4931 and a 
I low price elasticity for variable X21 in the North Atlantic 
States of .1119. Other regions have price elasticities for 
variable X21 which lie between these limits, but they are gen­
erally closer to the lower limit. The simple formulation in-
I 
eluding only variables Xg and X21 gives in virtually all in­
stances as-good a fit as formulations that include other live­
stock enterprises. For predictive purposes we therefore pre­
fer equations 36.1, 36.2, 36.4, 36.6, 36.8 and 36.10. 
The total number of hogs more 
than six months old by regions 
Table 37 presents the results obtained in estimating the 
number of hogs, more than six months old (X3 + Xf^ ,) and the 
number of sows and gilts more than siz months old (X^ ), at 
January 1, for the period 19^ 7 to i960. Variable (X^  + X^ j,) 
was estimated quite successfully for all regions, but vari­
able X^  was estimated with less success. It may be that in 
reporting the Januaryil livestock inventory, farmers do not 
distinguish sharply between X^  and X^ , which would make it 
difficult to estimate either component accurately. Equations 
37.1» 37'2 and 37-3 present the results for the North Atlantic 
States. Whereas variable (X^  + is significantly influ­
enced by the lagged hog-corn ratio X21, we find no significant 
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labia 3Î« %tal mbsr of hogs, more than six months old and total niuiiber of sows and gilts, more toan six monÈs old X^j, 
at Jamaiy 1, # to I960, ly regions and subregions, shoidng regression coefficients with standard errors, levels of 
significance and mean elasticities,' data used are actual observations® 
Equa­
tion Region Constant % (^3^%)t Wt-l W7)t.l (#7)t.l % % % • 
37,1 lorth 
Atlantic 
States' 
.921) 60li,39$ d. .185 
(.087) 
.10 
.737 
(.705) 
.ho 
-11,951 
(2.927) 
.01 
6,5^^ 
(5.183)" 
,30d 
(.I5i6)® 
37.2 North 
Atlantic 
States 
,7# 166.665 d, .03!) 
(.037) 
.1(0 
-3.253 
(1.33lt) 
4 
.287 
(.311i) 
N.S. 
(.1733) 
(&%M 
I.S. 
Lm#) 
37.3 North 
Atlantic 
States 
.737 183.1(67 d. .032 
(.037) 
.1(0 
•2.771 
(1.216) 
.05 
,t55 
(2.3%) 
N.S. 
(.031(2) 
37 ill East forth 
Central 
States 
.873 1(162.337 d. .27l| 
(.1(9) 
.05 
.928 
(1,!|52) 
H.S. 
-220,8A 
(36.3,2) 
.001 
Ml 
(55.993) 
.1(0 
(.11(92) 
37.J East North 
Central 
States 
.775 5.791 d. ,09l( 
(.026) 
.01 
1.0| 
(.$6) 
.05 
-1)7.053 
(10.596) 
,01 
73.721 
(]i,998) 
,001 
(.3957) 
37.6 Ifest North 
Central 
States 
.97? d. .1(1)6 (.(g3) 
.001 
3J]|B 
(.772) 
.01 
4^79.% 
(36.1(93) 
.001 
82,853 
(55.512) 
.20 
(.%#) 
37.7 West North 
Central 
States 
21(53.812 d. .065 
(.03) 
.10 
.1)88 
(,5zi) 
N.S. 
(&%# 
.01 
101,059 
(37.639) 
,05 
0%&) 
^d,-denotes dependent variable; H.S.-not significant at the 1(0 percent level, 
^Regression coefficient. 
Standard error. 
'^level of signiâcance, 
%ean elasticity. 
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Table 37, (Continued) 
Bqua- I 
tion Region Constant (X^+%+X^)t.i (%+X?)t.i ^ Xy % 
37.8 South .52? 5l(?.lil? d. .37$ 
Atlantic (.101) 
States ,01 
37.) south ,% -130,3liJ d, 
Atlantic 
States 
37.10 South ,m 3%.308 d. ,298 
Central (,036) 
States ,001 
37.11 South .W 23I1.38? d. 
Central 
States 
37.12 Western ,J75 636.158 d, ,39l) 
States (.062) 
.001 
37.13 Western • .863 53.725 d. 
States 
37.llt Subgroup .8% W.300 d, .337 
(.106) 
.01 
37.15 Subgroup A .535 210?.711i d. 
-78.105 20.5]i 
(8.5W) (1.58;) (19.621) 
.001 .01 
^WW) 
,1)0 
(.1216] 
.0701 •3.038 1.8^7 22,7l|6 
(.OiiB) (1|.1?2) (.852) (10.3là) 
.20 M,S. .10 ,10 
(.i|l58) (.3701) 
'155.I27 5.W 3l(,8lé 
(8.757) (.780) (20.633) 
.001 ,001 .20 
(.W) (.m) 
.057 "2W7 2.5$; 30.058 
(.010) (2.666) (,23lt) (6.06?) 
.001 .001 ,001 .001 
(.5917) (.36W) 
2.397 W7I 
.(6.311) (.815) (6.333) 
.001 ,02 K.S. 
(.33I1I) (.#) 
.086 4^5 .721 m 
(.028) (3,091) (.W (3.138) 
.001 .10 .10 ,,05 
(.3101() (.I1090) 
473,# 
(#,t# (8).232) 
.001 ,20 
(.165?) 
.073 -55.118 89,51^ 
:.(i35) (33.637) (32.00lt) 
.10 ,02 ,02 
M 
Subgroup Aï Ohio, M ana, Illinois, lowa, Missouri. 
Subgroup Bj Michigan, Isconsin, Minnesota. 
Subgroup C; North Dakota, South Dakota, Nebraska, Kansas. 
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Table}], (Contimed) 
Equa­
tion Eegion Constant % (%4\ (%%)w hk % % 
37,16 Subgroup B ,933 3015.503 d. .27^ 
(.062) 
.01 
(9,%(r) 
.001 
1,339 
(22,375) 
U, 
(.065)) 
37.17 Subgroup B .713 676.1I97 d, ,057 
(#9 
.05 
'im 
(it.357) 
.001 
33,353 
(9,%) 
.01 
(.3802) 
37I18 Subgroup C ,9l|8 2720.1(01 d. .ll22 
(.068) 
.001 
-132JI0 
(lit,313) 
.001 
lili.5oo (%^%) 
.10 
(.1902) 
37.19 Subgroup 0 .752 l]li2.588 d. .038 
(.030) 
.30 , 
-35.207 
(6.$06) 
.001 I 
%,%5 
(10.71(0) 
.01 
(.li757) 
309 
effect of that variable upon X3. All coefficients have the 
expected sign however. 
Equations 37»^  and 37*5 present the results for the East 
North Central States. The effect of the lagged hog-corn ratio 
is significant for both variables (X3 + X4.) and Xj, but is 
larger for the latter variable. Equations 37*6 and 37*7 pre­
sent the results for the West North Central States. The 
effect of the lagged hog-corn ratio is statistically signifi­
cant in both equations. However, the effect of variable X21 
in equation 37.7 is much larger than in equation 37.6, indi­
cating that the number of sows is very responsive to changes 
in the hog-corn ratio. Equations 37*8 and 37*9 relate to the 
South Atlantic States. All coefficients have the expected 
signs, and all but one are statistically significant. A one 
percent change in the lagged hog-corn ratio X21 changes the 
number of sows on hand at January 1 by .3701 percent. Equa­
tions 37*10 and 37*11 relate to the South Central States. All 
coefficients have the expected signs and are statistically 
significant. The effect of production of feed grains in the 
preceding year is particularly important in this region. 
Equations 37*12 and 37*13 relate to the Western States. All 
coefficients have the expected sign and all but one are statis­
tically significant. Peed grain production in the previous 
year is an important variable in determining the number of 
sows on hand at January 1. The price elasticity of the lagged 
310 
hog-corn ratio X21 equation 37*13 is particularly large 
I 
when compared with the corresponding elasticity in equation 
37.12. 
Equations 37*14 and 37*15 summarize the results relating 
to subgroup A. Due to the fact that variable is not in­
cluded for this group, the coefficient of multiple determina­
tion is lower than it would otherwise be. All coefficients 
have the appropriate sign and are statistically significant. 
Equations 37*16 and 37*17 present the results for subgroup B. 
Again we omit variable from the above equations; in retro­
spect this does not appear to be Justifiable. The price elas­
ticity of variable X21 in equation 37*17 is large relative to 
the corresponding elasticity in equation 37.16. It indicates 
that the number of sows is much more responsive to past prices 
than the number of "other hogs". Equations 37*18 and 37*19 
present the results obtained for subgroup C. Variable 
(X^  + Xz|,) is explained quite successfully, but inclusion of 
variable X29 would have given better results for equation 
37*19* All variables have the appropriate coefficients and 
all are statistically significant. 
! Prom the foregoing equations we can conclude that in all 
instances the estimate of (X^  + X/j.) is more successful than 
the estimate of X^ . The Inclusion of lagged feed grain pro­
duction is an important determinant in farmers* decisions for 
enlarging or contracting breeding stock. The effect of the 
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lagged hog-com ratio is very significant in determining the 
number of sows to be farrowed in the spring. The category 
"other hogs" is not much Influenced by the lagged annual hog-
corn ratio. 
I 
Summary 
Annual production of hogs in the United States expanded 
from 1^ .5 billion pounds liveweight in the early thirties to 
19.4 billion pounds in the late fifties. The North Central 
States have traditionally accounted for approximately 80 per­
cent of national production. The regional reallocation of hog 
production has changed very little relative to the total ex­
pansion in production. A nine equation model of the hog in­
dustry was estimated for the United States, six major regions 
and three subregions of the North Central States. Total pro­
duction of hogs was estimated quite successfully for all re­
gions. However, some of the inventory components, notably the 
number of sows on farms at January 1, could not be estimated 
without considerable error. Recursive realtionships were 
formulated for all Inventory components, but It was found that 
current annual production of hogs and the current price re­
ceived by farmers for hogs are jointly dependent. Table 38 
presents a regional comparison of short run supply elas­
ticities in the annual production of hogs. 
We observe that the price elasticity for the current 
Table 38. A regional comparison of short run supply elasticities in the 
annual production of hogs 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Current annual 
weighted farm 
.1547 .0443 price of hogs, .0872 .0129 .0985 .0297 .0910 
XlO (.0253)* (.0125) (.0197) (.0174) (.0260) (.0516) ( .0143) 
Current annual 
production of 
.1635 ,1162 feed grains, -.1155 .1908 .1054 .2785 .2130 
(.0533) (.0296) (.0349) (.0417) (.0655) (.0634) (.0316) 
F^igures in parentheses are standard errors of elasticities. 
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annual weighted farm price of hogs is largest for the South 
Central States with .15^ 7 and smallest for the East North 
Central States with .0129• For the United States we find a 
price elasticity of .04^ 3* The standard errors of the elas­
ticity coefficients are small relative to the mean elasticity 
and statistically significant differences exist between regions. 
Such differences are not in any apparent manner related to re­
gional economic characteristics such as the importance of hog 
production in that region, the competition of other livestock 
enterprises, the hog-corn ratio or the ratio of spring farrow-
ings relative to fall farrowings. It is apparent, however, 
that the United States price elasticity does not apply to any 
region. For purposes of prediction we would therefore con­
tinue to recommend disaggregation of hog supply response on a 
regional basis. From Table 38 can be seen that the current 
annual production of feed grains is a statistically significant 
determinant of current hog production. The elasticity coeffi­
cient for feed grain production is largest in the South Cen-
{ 
tral States with .2785 and smallest in the North Atlantic 
States with -.1155» For the United States the elasticity co­
efficient for feed grain production equals .2130. The standard 
errors of elasticity are small relative to the estimated mean, 
and statistically significant differences in response exist 
between regions with respect to current feed grain production. 
Table 39 relates to a regional comparison of short run 
Table 39• A regional comparison of short run supply elasticities in the number 
of fall farrowings 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Current annual 
production of 
.2688 feed grains. -.5034 .1950 .4758 -.2623 .1220 .3611 
''lé (.1697)* ( .0806) (.0943) (.1346) (.0720) (.0803) ( .1223) 
Lagged annual 
weighted hog-
-.2254 corn ratio. .5097 .0812 .1195 .0839 -.0801 .1758 
%21 (.2050) (.0958) (.1651) (.1594) (.1358) (.0233) (.7901) 
F^igures in parentheses are standard errors of elasticity. 
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supply elasticities in the number of fall farrowings. We ob­
serve that current feed grain production has a negative rela­
tionship with fall farrowings in regions that must import a 
I 
major share of concentrates fe^ . The elasticity coefficient 
for current feed grain production in the West North Central 
States equals .4758. For the East North Central States this 
elasticity equals .1950. For the United States we find an 
elasticity coefficient equalling .36II, indicating that cur­
rent feed grain production is an important determinant in all 
regions. The standard errors of elasticity are quite small, 
such that statistically significant differences in response 
exist between regions. The elasticities of the lagged annual 
weighted hog-corn ratio are generally smaller than the elas­
ticity coefficients for current feed grain production. Since 
feed grain production fluctuates somewhat more than the hog-
corn ratio it follows the feed grain production Isa more 
important determinant of fall farrowings than the hog-corn 
ratio. The price elasticity of the hog-corn ratio is quite 
small for the East North Central States and the West North 
Central States, and negative for the South Central States and 
Western States. The standard errors of ealstlcity are large 
relative to the mean elasticities. No statistically signifi­
cant differences between regions appear to exist. 
Table 40 presents a regional comparison of short run 
supply elasticities in the number of sows on hand at January 
Table 40. A regional comparison of short run supply elasticities in the 
number of sows on hand at January 1 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Lagged annual 
production of 
.4158 .3104 feed grains, .1733 „ — — .5917 .3521 
%19 (.1894)* (.1918) (.0540) (.1739) (.1069) 
Lagged annual 
weighted hog-
.0265 .3640 corn ratio, '3957 .3251 .3701 .4090 .4171 
%21 (.1746) (.0805) (.1211) (.1683) (.0735) (.1730) (.0799) 
-^Figures in parentheses are "standard errors of elasticity. 
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1. We observe the lagged annual production of feed grains is 
an important determinant of this variable for all regions. 
The elasticity coefficient of the lagged annual production of 
feed grains is largest for the South Central States with .5917 
and smallest for the North Atlantic States with .1733. For 
the United States we observe an elasticity coefficient equal­
ling .3521. The standard errors of elasticity are small and 
statistically significant differences exist between regions. 
This indicates that in estimating the number of sows on hand 
at January 1 regional disaggregation is to be recommended. 
The lagged annual hog-corn ratio is an important determinant 
of the number of sows on hand at January 1. The price elas­
ticity for the lagged hog-corn ratio is highest for the 
Western States with .4090 and smallest for the North Atlantic 
States with .0265» For the United States this price elas­
ticity equals .4171. The standard errors of elasticity are 
small relative to the mean elasticities, but except for the 
North Atlantic States, no statistically significant differ­
ences exist between regions with respect to the lagged hog-
corn ratio. 
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SUPPLY.BELATIONSHIPS IN BEEP PRODUCTION 
The Regional Location and Growth of the 
Beef Cattle Industry 
Meat animals are an important part of the agriculture of 
the United States. Approximately 3.I7 percent of U.S. cash 
farm income originated from these enterprises during recent 
years. Cattle and dairy products account for ^ 5 percent of 
U.S. farm cash income. Cash receipts from meat animals have 
made up a stable component of U.S. farm cash income since the 
beginning of the second world war. 
During the period 1931 to i960 beef production for the 
U.S. increased by 114 percent. Pork production increased by 
15 percent. The beef-hog price ratio did not particularly 
favor the expansion of beef in the prewar and immediate post­
war years. The substantial expansion in beef production might 
have been expected to bring about a lowering of beef prices 
relative to hog prices. That this did not happen is attribu­
table to the large price elasticity and income elasticity for 
beef. Milk production increased by 19 percent over the same 
thirty year period. This modest expansion has been realized 
mainly through higher production per cow rather than through 
an expansion in the number of dairy cows on hand. Milk prices 
for that period declined relative to prices received for beef 
cattle. This fact may have exerted some leverage in the con­
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version of dairy herds to beef type herds, but it accounts 
only in small measure for the expansion in beef production. 
The North Central States have traditionally accounted for 
approximately 50 percent of all beef production. In the post­
war years this share has been quite stable. A small decrease 
occurred in the North Atlantic States. Traditionally these 
states accounted for approximately 4 percent of total U.S. 
production. The South Atlantic States in recent years account­
ed for approximately 6 percent of total beef production. The 
share of the Western and South Central States in postwar years 
has been quite stable. These two regions account for approxi­
mately 40 percent of total beef production. Prom the fore­
going, we may conclude that the expansion in beef production 
has not been restricted to any particular region. 
Statistical description of the beef cattle industry is 
extremely difficult. Such difficulties arise because we deal 
with a continuous process and a very heterogeneous commodity. 
Cattle are not produced and marketed as an annual crop. A 
given animal at any given time may be viewed as a finished 
good, a good in process, or a piece of fixed capital. This 
is particularly true for young breeding stock which may be 
retained to expand production in future years or may be fat­
tened to contribute to production in the current year. The 
breeding stock on farms is a direct measure of future capac­
ity. A current disproportionate expansion in production often 
Table 4l. Average annual production of beef, by regions, 1930 to i960 
(in million pounds liveweight) 
Region 
1931 to 
1935 
1936 to 
1940 
1941 to 
1945 
1946 to 
1950 
1951 to 
1955 
1956 to 
i960 
North Atlantic 
States 
761.1 
(5.38)* 
800.4 
(5.47) 
859.9 
(4.57) 
907.8 
(4.68) 
1173.1 
(4.48) 
1019.9 
(3.70) 
East North 
Central States 
2211.7 
(15.63) 
2579.3 
(17.64) 
3017.3 
(16.05) 
2991.5 
(15.43) 
4O42.6 
(15.43) 
4012.8 
(14.55) 
West North 
Central States 
5366.1 
(37.92) 
4983.8 
(34.08) 
6736.0 
(35.83) 
6694.7 
(34.54) 
8999.7 
(34.34) 
9567.8 
(34.70) 
South Atlantic 
States 
631.4 
(4.46) 
632.6 
(4.46) 
838.4 
(4.46) 
857.8 ' 
(4.43) 
1411.4 
(5.39) 
1581.9 
(5.74) 
South Central 
States 
2791.6 
(19.73) 
3067.2 
(20.98) 
4078.9 
(21.70) 
4281.7 
(22.09) 
5770.8 
(22.02) 
6153.4 
(22.32) 
Western States 2388.9 
(16.88) 
2538.6 
(17.36) 
3266.0 
(17.38) 
3645.5 
(18.81) 
4803.8 
(18.33) 
5231.2 
(18.97) 
United States 14750.8 14621.9 18796.4 19378.0 26201.5 27567.0 
&Data in parentheses indicate percentages of U.S. total. 
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is synonymous with a decline in future capacity to produce. 
If there existed only one type of animal, of a uniform age, 
weight, grade and purpose then output would be expressible in 
a common unit of measurement, even though the input structure 
might still be undefined. In practice, any of the foregoing 
factorsis used to distinguish between different beef cattle 
"products". The production process may vary between a month, 
as with veal calves, and from seven to nine years, as with 
cull cows in a beef breeding herd. In between these extreme 
lengths of the production process, we find the bulk of dairy 
cattle and beef cattle marketed. Depending on the feed inputs 
used we may distinguish between feeder-cattle, stocker-cattle, 
range cattle and dairy cattle. The organization of the farm-
firm and the representative mix of feed inputs used in produc­
tion of the above four categories is very different and has 
important implications for supply response, particularly if 
with regional disaggregation certain areas tend to specialize 
in any of the above product categories. Depending on whether 
an animal is primarily a beef cow or a dairy cow, the marketed 
product will be very different, with dairy cows providing the 
lower quality beef. This is generally expressed in terms of 
a lower grade and lower price. But the grade of the animal is 
not necessarily linked to type. Among beef cattle there are 
substantial differences in grade depending on the finish of 
the animal marketed e.g. the length of the feeding period is 
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of more importance than the age of the animal. The weight of 
the animals marketed varies from 100 pounds for young calves 
\ 
to 1200 pounds for steers. Yet for a given weight an animal 
may be a grass fattened calf or a fed calf with a substantial 
difference in grade and finish. The final product "beef" is 
a conglomeration of many kinds of meat of widely varying char­
acteristics e.g. prime ribs and loin are very different from 
canner and cutter cow beef. Partial information on all of the 
foregoing characteristics is available but no simultaneous 
subcategorization on the basis of all of the foregoing cri­
teria is available. Hence it is not possible to study the 
beef cattle industry in as much detail as may be necessary for 
short run forecasting purposes. For example, information on 
fed cattle is extremely limited. We do not know within a very 
wide margin of error, how much produced beef originates with 
fed cattle. We also do not know the origin of fed cattle by 
states and by regions, which practically precludes a compre­
hensive analysis of the fed cattle industry. We do not know 
the prices of fed cattle because the latter are a heterogene­
ous commodity of no uniform grade and price. Depending on the 
nature and scope of the study a student could limit himself to 
precisely defined product categories and correspondingly de­
fined prices. In this study we are concerned with aggregate 
production and marketings of beef cattle and dairy cattle. 
The problem of variable delineation therefore consists in 
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constructing an index for aggregate output, by regions and 
correspondingly defined prices. In an ideal sense this will 
be possible only if the relationships connecting production 
and prices of subaggregates are already known. Since we do 
not a priori know such relationships, we necessarily lose some 
precision in the construction of representative measures for 
production and prices. 
With respect to production, data limitations force us 
I 
into a concept of production which ignores heterogeneity of 
the product marketed, differences in inputs used and differ­
ences in grades of the marketed product. Production and mar­
ketings will be measured in pounds of liveweight production. 
This procedure equates production of fed beef to that of range 
cattle and dairy cattle. No single region in this study 
specializes completely in the production of either of the 
above categories of beef cattle; most regions have a substan­
tial representation of all three categories of production. As 
a rule therefore, we lose precision in the measurement of out­
put. The incompatibility of aggregating different outputs is 
partially alleviated by constructing the corresponding prices 
received by farmers for beef cattle on a weighted basis. The 
regional prices received by farmers are determined on a 
sampling basis, which takes automatically into account the 
product miz to the beef cattle industry in that region. It is 
I for that reason that prices received by farmers have an 
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analytical advantage over the use of slaughter prices at some 
selected marketing points. Slaughter prices are defined by 
grade and weight but it is fairly well impossible to use such 
prices to arrive at regionally differentiated prices received 
by farmers. Farmers* decisions are based upon the latter. 
Prices received by farmers are relevant in determining the 
farmers' cash income from marketings and the net Income from 
cattle production. In a comprehensive policy model, it is 
farm prices received that are of prime interest. 
I 
Many students of supply response in beef production have 
made extensive use of slaughter statistics. Slaughter statis­
tics are primarily useful in demand studies, since estimated 
consumption is based upon such statistics. Slaughter statis­
tics however yield no information on regional production, nor 
is national production necessarily equal to total national 
slaughter because of inventory changes. A further disadvan­
tage of slaughter statistics in the study of supply response 
is that no distinction is made between dairy cattle and beef 
I 
cattle. Such a distinction would be very helpful, both for 
the study of short-run supply response and the study of the 
beef cycle. We are therefore led to use the balance-sheet 
approach in deriving the number of cattle marketed and pro­
duced. The U.S.D.A. publishes a separate balance sheet by 
states using estimated marketings as the major disappearance -
factor. Production is not necessarily equal to marketings. 
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Adjustments must be made for cattle shipped in and changes in 
inventory. Information on cattle shipped in is available by-
states, but no distinction is made for weight, sex or type. 
Inshipments are used for breeding and feeding, but exclude 
slaughter. Cattle numbers shipped in for breeding purposes 
are relatively unimportant. Information on inshipments, how­
ever, is not sufficient for a comprehensive analysis of the 
movement of feeder cattle. For this purpose we must know.out-
shipment s by states, by weight and type, from which net ship­
ments of cattle could be determined. Statistics on net ship­
ments by states and by regions are not available. It is pos­
sible to estimate the number of dairy cattle and the number of 
beef cattle marketed, where both can be separated into numbers 
of breeding stock sold and numbers of non-breeding stock sold. 
This will yield the number of marketings for four comprehensive 
categories of cattle, which by means of regression can be suc­
cessfully linked with production and marketings in pounds live-
weight. The above procedure allows us to study simultaneously 
the influence of economic factors upon the composition of the 
cattle industry and upon current production. In such an 
approach, the changes in cattle numbers are viewed to be in­
strumental in the evolution of the beef cycle, and production 
appears as the short run resultant of the decisions made with 
respect to the accrual or diminution of cattle numbers. 
Changes in the average weight of the animal produced can be 
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taken account of through the inclusion of current product-
factor price ratios. An important advantage of the foregoing 
approach is its implementation on a regional basis which is 
not possible by any other means. The basic data for this pro­
cedure are furnished by the January 1 cattle inventory which 
is available by states for the period 1925 to I96O. The Jan­
uary 1 inventory classifies cattle on farms as primarily beef 
cattle or dairy cattle. Dairy cattle are further subdivided 
into the number of cows more than two years old, the number of 
heifers between one and two years old, and the number of heifer 
calves less than one ye'ar old. Beef cattle are further sub­
divided into the number of cows more than two years old, the 
number of heifers between one and two years old, the number of 
calves less than one year old and the number of steers and 
bulls at least one year old. There is a necessary accounting 
identity between inventory categories of successive years, the 
nature of which is illustrated in Table 4-2. The difference 
(ci - ai) in number of all cattle on farms between January 1, 
year t + 1 and January 1, year t is determined by the number 
of all cattle slaughtered (b^ ), the number of net shipments 
(c^ ) and the death loss (d^ ) during year t. For the United 
States as a whole net shipments will equal zero, provided net 
exports of live cattle are zero. The number of milk cows more 
than two years old at January 1, year t + 1 is determined by 
t 
both the number of cows more than f^ e years old and the 
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Table 1|2. Beteridnants of the inventory composition of all cattle on fans between successive years 
All cattle 
Milk cow Beef cows 
Heifer oàvea 
Cows more than Heifers between Isss %an Cons more than Heifers betneen Calves less 
Steers and 
bulls more 
on farms 2 years old 1 and 2 years old 1 year old 2'years old 1 and 2 years old than 1 year old than 1 year old 
January 1, year t ait a^ 
Death loss 
January 1, year t + 1 
°1 
dl 
°2 
4 
"3 
Cj 
% de 
% 
1 
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Table 43a. Quinquennial percentage composition of the number 
of cattle marketed, by type, United States, 1931 
to i960 
Young dairy 
breeding 
stock 
Mature dairy 
breeding 
stock 
All beef 
breeding 
stock 
Beef cattle 
not used for 
breeding 
1931 to 
1935 2.23 31.43 19.22 47.11 
1936 to 
1940 2.69 31.84 20.20 45.28 
1941 to 
1945 3.89 33.07 19.35 43.69 
1946 to 
1950 3.81 32.25 22.31 41.62 
1951 to 
1955 2.99 28.23 21.72 47.06 
1956 to 
i960 2.64 24.10 24.23 49.03 
number of heifers between one and two years old at January 1, 
year t and the number slaughtered, net shipments and death 
loss for both categories in the intervening period. The num­
ber of heifer calves less than one year old at January 1, 
year t, determines with disappearance variables, the number 
of heifer calves between one and two years old at January 1, 
year t + 1. The dairy calf crop at January 1, year t + 1, 
is estimated by cji^ , and is determined by the breeding stock 
(a2 + a^ ). A similar interdependence of inventory numbers 
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exists for beef cattle. Calves less than one year old (ay) at 
January 1, year t, can be used either for breeding purposes 
(eg), or kept on as steers more than one year old (eg). Dis­
appearance variables by, cy, dy are necessary to complete an 
accounting consistency between the two successive Inventories. 
The beef calf crop at January 1 in year t + lis estimated by 
ey» No information is available on the number of net ship­
ments by states. Estimates are published by states on the 
annual death loss of cattle; they are somewhat higher for beef 
cattle than for dairy cattle. The annual death rate fluctu­
ates between regions and between years. A primary determinant 
of death losses are adverse weather conditions and local 
shortages of feed supplies. We suspect that the estimates of 
death losses are subject to a wide margin of estimation error. 
For purposes of estimation in this study the dependent vari­
ables (cattle numbers sold) have not been adjusted for death 
loss. Successive cattle inventories can be used in determin­
ing the number of cattle sold during the intervening year. 
The number of mature dairy breeding stock sold, by regions, 
is determined as the sum of the number of cows and heifers 
more than two years old (a^ ) and the number of heifers between 
one and two years old (a^ ) at January 1, year t, minus the 
number of heifers between one and two years old (e^ ) at Jan­
uary 1, year t + 1. The number of young dairy breeding stock 
sold, by regions, is determined as the difference between the 
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number of heifer calves on farms (ai|,) at January 1, year t, 
and the number of heifers between one and two years old (eo) 
I 
at January 1, year t + 1. The number of beef breeding stock 
sold,.by regions, is determined as the sum of beef cows more 
than two years old (a^ ) and beef heifers between one and two 
years old (ag) at January 1, year t, minus the number of beef 
I 
cows more than two years old (e^ ) at January 1, year t + 1. 
The number of beef cattle sold that are not used for breeding 
purposes equals the number of beef calves less than one year 
old (ay), plus the number of steers and bulls more than one 
year old (ag), by regions, at January 1, year t, minus the 
number of heifers between one and two years old (e^ ), the num­
ber of steers and bulls more than one year old (eg) at Jan­
uary 1, year t + 1. 
The preliminary estimates of the January 1 inventory are 
published by the Agricultural Marketing Service. These esti­
mates are based on Census benchmarks. The quinquennial census 
is not usually taken at January 1, nor is its enumeration com­
plete. Nevertheless, Census estimates are used in revising 
A.M.S. estimates. For all cattle and calves the revised esti­
mate does not differ by more than two percent of the original 
estimate, but for subcategories these adjustments are more 
substantial. 
Table 43a presents the quinquennial average percentage 
composition of the number of cattle marketed, by type, for 
Table 43b. Estimated number of cattle sold, by type, as a percentage of United 
States cattle 
Numbers sold, by regions, 1931 to I960 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
% % % % % % thousands 
1931- Dairy 11.5 22.7 28.9 7.0 19.4 10.4 5228 
1935 Beef .9 6.7 40.7 4.2 27.2 20.4 10286 
Total 4.6 12.2 36.8 4.6 24.7 17.1 15514 
1936- Dairy 11.4_ 23.1 26.5 7.6 21.3 10.1 5390 
1940 Beef 1.0 9.0 36.8 4.6 28.5 20.2 10278 
Total 4.6 13.8 33.3 5*6 26.0 16.7 15668 
1941- Dairy 10.6 22.8 27.5 7.1 21.5 10.4 6549 
1945 Beef .8 10.1 40.1 4.1 25.4 19.5 11119 
Total 4.4 14.8 35.4 5.2 23.9 16.2 17668 
1946- Dairy 10.8 24.7 25.3 7.4 21.0 10.8 6820 
1950 Beef .8 8.5 39.7 4.1 25.8 21.1 12144 
Total 4.4 14.3 34.6 5.3 24.1 17.4 18963 
1951- Dairy 12.0 25.8 23.2 8.6 20.2 10.2 6432 
1955 Beef .6 10.0 41.5 4.0 24.2 19.7 14726 
Total 4.1 14.8 35.9 5.4 23.0 16.8 21158 
1956- Dairy 12.2 25.6 23.2 8.6 19.5 10.8 6757 
1960 Beef .5 11.0 . 39.9 6.2 22.6 19.9 18624 
Total 3.6 14.9 35.5 6.8 21.7 17.5 25382 
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the United States for the period 1931 to i960. We observe 
that the percentage share of young dairy breeding stock is of 
minor importance relative to the corresponding percentage for 
mature dairy breeding stock, indicating that heifer calves 
are traditionally kept for breeding purposes. Beef breeding 
stock sold relative to marketed beef cattle not used for 
breeding is quite substantial, indicating that for purposes 
of beef production a beef-heifer calf is a close substitute 
for a beef steer. The ratio between beef breeding stock sold 
and non-beef breeding stock sold has fluctuated considerably 
between periods, which would suggest that an analysis of this 
ratio as determined by economic conditions, might be useful 
in explaining the behavior of the beef cycle. Beef cattle 
numbers sold as a percentage of total cattle numbers sold 
have increased approximately ten percent between the early 
thirties and late fifties. 
Table 43 presents the quinquennial averages of the esti­
mated number of cattle sold, by type, as a percentage of 
United States cattle numbers sold, by regions, for the period 
1931 to i960. The total number of cattle sold in the United 
States increased from an annual average of 15.5 million head 
in the early thirties to 25«3 million head in the late fifties. 
Beef cattle accounted for 8.3 million head in this increase, 
most of which occurred in the period 1946 to i960. The number 
of dairy cattle sold increased throughout the late forties. 
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but subsequently suffered a decline which was only partially 
recovered in the late fifties. We observe that the percentage 
shares of regional cattle numbers sold have shown some adjust­
ment over the period 1931 to i960. The West North Central 
States, the South Central States and Western States have 
traditionally accounted for over 75 percent of the number of 
all cattle sold. The Atlantic régions are of small importance 
in total cattle numbers sold. This is due to the minor im­
portance of beef production in these regions. A region may 
be important in dairy production and at the same time be un­
important in beef production, in terms of its percentage share 
of national production. For the North Atlantic States we 
observe its relative importance in dairy cattle sold, but its 
very minor importance in the number of beef cattle sold. The 
East North Central States have become relatively more impor­
tant in both dairy production and beef production. The West 
North Central States on the other hand are of declining 
national importance in dairy production, and have had an 
approximately constant national share in the number of beef 
cattle marketed. The South Atlantic States have increased 
their percentage share in both the number of dairy cattle and 
beef cattle sold. The South Central States have maintained 
a constant share in the number of dairy cattle marketed, but 
have declined in relative importance in the number of beef 
cattle sold. The Western States have not shown any marked 
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increase or decrease in either of the above two components. 
I 
Accurate information on the composition of feed inputs 
used in dairy production and beef production is not available. 
A very large proportion of feed inputs consists of forage har­
vested by the animal itself. Jennings (49) estimates that 
for the country as a whole, pasturage probably furnishes more 
than a third of all feed nutrients consumed by all livestock. 
The length of the grazing season varies from five months in 
the North Eastern States to year round grazing in the Southern 
States. Feed from good pasture is the cheapest available 
nutrient. Harvested crops yield more nutrients per acre, but 
the cost per feed unit is higher than when the animal does the 
harvesting. In computing the cost of a dairy cattle ration 
and beef cattle ration, we proceeded by excluding the compo­
nent which is harvested by the animal. For stock-ranching 
this is a very important component. Table 44 gives the com­
position of feed consumed by beef cattle and dairy cattle for 
the year October 1, 19^ 9 to September 30, 1950. For the 
United States, approximately 60 percent of all harvested feed 
units fed consist of roughage when fed to dairy cattle. Beef 
cattle obtain approximately 55 percent of their fed ration 
from roughage. Substantial regional differences exist. The 
Western States feed primarily roughage in beef production, 
whereas for the East North Central States, with an emphasis 
on fed cattle, we find only 35 percent roughage. The propor-
Table 1^1^. The composition of feed consumed by beef cattle and dairy cattle, on a feed unit 
equivalent basis, by regions, October "191x9 to September 19^0 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Dairy Beef Dairy Beef Dairy Beef Dairy Beef Dairy Beef Dairy Beef Dairy Beef 
Formula feeds 24.1 5.6 3.3 2.3 4.2 3.5 21.6 1.5 16.7 5.6 18.2 5.0 12.3 3.8 
Corn 7.0 42.2 17.6 57.6 21.2 39.8 13.1 10.7 16.9 5.9 1.6 1.8 14.3 29.8 
Other feed grains 
and concentrates 6.9 8.4 16.3 4.9 16.2 7.5 10.4 11.2 13.1 27.0 13.1 15.2 13^2 11.1 
Total concentrates 38.0 56.2 37.7 64.8 41.6 50.8 45.1 23.4 46.7 38.5 32.9 22.0 39.8 44.7 
Hay 42.8 39.9 39.2 27.5 53.9 39.5 39.0 47.9 33.1 25.5 58.0 70.9 44.8 42.7 
Other roughages 19.2 3.8 23.1 7.7 4.5 9.6 25.9 28.7 20.2 36.0 9.1 7.1 15.4 12.6 
Total hay equiva­
lent roughage 62.0 43.7 62.3 35.2 58.4 49.1 54.9 76.6 53.3 61.5 67.1 78.0 60.2 55.3 
Ration weight for 
concentrates (A)® .633 .937 .629 1.089 .693 .847 .752 .390 .778 .642 .549 .367 .664 .745 
Ration weight for 
roughages (B) .0756 .053 .076 .043 .0712 .060 .0669 .093 .065 .075 .0818 .095 .0734 .067 
®A; X annual weighted average price received by farmers per bushel of corn, in dollars. 
B: X annual weighted average price received by farmers per ton of h%r (all kinds), in dollars. 
Source: (i+S, p. 35). 
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tion of roughage fed in dairy production is generally closely 
centered around 60 percent. The regional variation for dairy 
cattle is much less than for beef cattle, indicating the same 
nutritional approach throughout the country. The percentage 
of concentrates fed to beef cattle is highest in the East 
North Central and West North Central States. This is not sur­
prising considering the importance of fed cattle in those 
I 
areas. Finishing operations demand a high proportion of 
grains, and this evidently influences the average ration of 
the region quite substantially. Formula feeds are not an im­
portant component of the beef ration. Depending on the crops 
grown in the area, feed grains form the major source of con­
centrates for beef cows. Corn is the single most important 
component in the concentrate ration for beef cattle in the 
East North Central and West North Central States, In areas 
where corn cannot be grown competitively other feed grains 
tend to be substituted for corn as in the Southern and 
Western States. The dairy ration contains a high proportion 
of formula feeds in areas where concentrates have to be 
shipped in. 
Over the past thirty years, the price of hay has increas­
ed relative to the price of feed grains. Hence, we would ex­
pect more roughage in the ration. But this tendency apparent­
ly is more than offset by the nutritional requirements for 
high production and rapid growth which favor a ration contain­
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ing more concentrates. Within the concentrate group prices 
in the short run tend to move closely together. However, from 
a long run perspective, feed grain prices have not developed 
according to a uniform pattern. A ration cost computed on 
the basis of fixed weights therefore tends to overstate the 
actual cost, since farmers tend to use a least cost ration. 
I 
Ration weights were computed for each region on the basis of 
a concentrate equivalent weight and a roughage equivalent 
weight. Corn was taken as representative of the price devel­
opments in concentrates and the price of hay was taken as rep­
resentative of the price developments in concentrates and the 
price of hay was taken as representative of the historical 
development of the cost of forage. Substantial differences 
exist between regions in the use of corn, and hence it might 
have been better to use a composite feed grain price index. 
Substantial differences also exist between the cost of the 
dairy cattle and beef cattle ration. This precludes the use 
of an identical ration for both enterprises. The cost of the 
ration is obtained by multiplying the weights given in Table 
44 by the annual weighted average price received by farmers 
per bushel of corn, in current dollars and the annual weighted 
average price received by farmers per ton of hay, in current 
dollars. Prices received by farmers were used in this connec­
tion since they tend to reflect more accurately the actual 
price to the farmer. The cost of the ration is expressed in 
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terms of collar cents per feed unit. One feed unit is defined 
as the feed equivalent value of 100 pounds of com. The beef-
feed price ratio is obtained by dividing the annual weighted 
price received by farmers for all beef cattle sold by the cost 
of the beef ration per feed unit. We obtain the milk-feed 
ratio by dividing the annual weighted average price received 
by farmers for all milk sold by the cost of the dairy ration 
per feed unit. Both of these ratios were computed separately 
by regions. The ratios show substantial differences between 
regions. 
Table ^ 5 summarizes the historical development of these 
two radios over the past thirty years. The five yearly aver­
ages divide the period 1931 toi i960 into sub-periods which 
coincide approximately with major economic and political 
developments. We observe that for the United States the beef-
feed ratio has improved, in a secular manner, for the last 
thirty years. Feed grains were cheap relative to livestock 
products, and this was a major factor in the growth of beef 
cattle production, particularly in the expansion of fed beef. 
The milk-feed ratio improved moderately over the same period, 
but with a temporary relapse during the war years and during 
and after the Korean conflict. This moderate improvement took 
place in the face of an expansion of milk production of I9 
percent for the United States. Dairy producers were faced 
with less favorable demand conditions than beef producers 
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Table !|$, Quinpnnial weighted averages of major product-factor price ratios, ty regions, 1931 to I960 
193U0I935 1936 to 191)0 19liltol5lf5 191(6 to 1950 19$ltol95î 1956 to I960 
?  B  r  1  B  A B C  A B C  " 1  B  T  A  B  C  
North Atlantic 
States 9,7$ 3.71 1,A 11,27 109 1,65 11,Iff U? I.!i7 12,A g.8l| 1,71 11,7k 5.53 1,67 12,15 5.75, 1.80 
East North 
Central States 11.93 6,21 1,23 13,39 7.W 1,62 $ 36 7.11 1,76 13.55 8.19 1,73 13.11 8,1|1 1,60 D|,50 10,08 2,(li 
West Morth 
Central States U.61| 5,99 I.6I 12.70 7,91 1,77 15,1)2 7.51 I.6I 13,79 8,73 1,53 13.18 9,03 1.59 15.51) 10,97 1.79 
Soutb Atlantic 
States 8,22 3,08 1.77 10,22 3i67 1,72 10,51 1).13 1,1)1) 11.99 5.59 1.69 11,78 1).70 1,62 12.1)9 5.06 1.86 
Soiith Central 
States 8,1)3 3.62 1,59 10,25 1),67 l,6l 11,25 l|,59 U7 12.3 3 6.1)5 1,69 11,98 5,59 1,65 12.66 6,85 1,91) 
Western ' 
States 9.37 U8 1.1)1) 11,30 5.81) U9 12,91 5.16 1,37 12,90 6,90 U7 11,70 6,% 1,52 12.71 hlk 1.72 
United 
States 10,20 1),68 1,61 12,05 6,32 1,66 13,61) 6,07 1,55 13,32 7.68 I.60 12,87 7.61 1,52 ll).60 8,81) 1,86 
hog-com ratio, 
B: beef-feed price ratio. 
C: milk-feed price ratio, 
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during this period, but benefited substantially from the rela­
tively cheap supply of feed grains. The regional development 
of these ratios confirms substantially with the development 
for the United States. In absolute terms the greatest im­
provement in the beef-feed price ratio was achieved in the 
East North Central and West North Central Regions. These 
regions produced 70 percent of all feed units in the country 
during that period, and benefited both from the low cost of 
feed grains and the higher prices obtained for finished beef 
cattle. The North Atlantic States and South Atlantic States 
have historically held the least favorable beef-feed price 
ratio. A major cause of this is related to the high propor­
tion of dairy cows, which are sold as cull cows but enter into 
the average price of beef cattle received by farmers. Con­
sumer demand has favored the more expensive meats, and cull 
cows and I lower grade meats have not benefited proprotionately 
in the increase in beef prices. Both of these regions must 
import most of their concentrates which contributes to a rela­
tively low beef-feed price ratio. The milk-feed ratio has im­
proved, in absolute terms, most in the East North Central 
States. In general differences between regions have remained 
substantially the same. The relative differences moreover 
tend to be smaller for the milk-feed ratio than for the beef-
feed ratio, which roughly indicates that no major competitive 
advantages exist between regions. The expansion of production 
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has not been reflected in different regional shares In pro­
duction. 
Past Research in Beef Supply Response 
Past research on supply response in beef production has 
been quite limited. This is surprising in view of the impor­
tance of beef marketings as a source of farm cash income. 
Early studies in this field concentrated on the causes under­
lying the remarkable uniformity of the successive cyclical 
patterns in inventory numbers, prices and beef slaughter. The 
cycle varies in length between eleven and fifteen years and 
its amplitude is sufficient to bring its consequences force­
fully to public attention when prices of beef cattle decline 
I 
to historical lows as in the fall of 1963. This period of 
low prices came approximately eleven years after the very low 
prices for beef cattle in 1952» In early studies the cyclical 
pattern in production was supposed to have a causal nexus to 
lagged price response on the part of producers. Application 
of the cob-web theorem and modifications thereof however 
proved to be singularly Incapable of dealing with the empi­
rically emerging phenomenon of the beef cattle cycle. The 
cattle cycle can be viewed as being either endogenously or 
exogenously generated. The theory of endogenous generation 
is somewhat similar to the Hlcksian generation of the general 
business cycle, which rests upon the application of the multl-
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plier and accelerator principle superimposed on a geometric 
rate of increase In autonomous investment. Under suitable 
numerical values of the multiplier and accelerator a second 
order difference equation will result which has complex conju­
gate roots as a solution of the characteristic equation. 
There is however no direct comparison between this model and 
the beef cycle, since in the latter we deal with multiple 
stock variables (inventory totals by age and by type of beef 
animals) and flows (cattle slaughtered, net inshipments and 
death losses). A further complication stems from the intro­
duction of price variables and exogenous variables such as 
feed availability. Earlier students of the cattle cycle con­
sidered the cycle to be generated by changes in feed supply 
and other unusual conditions which affected the industry at 
various times. Basically, there are three approaches to beef 
supply response, a) a system of interlocking inventory vari­
ables that endogenously generate the characteristic time se­
quence in production, prices and cattle numbers, b) a system 
of supply and demand equations that allows for intermittent 
over-responses (both in terms of decreases and increases of 
production) on the part of producers, c) a comprehensive 
system of supply equations that includes product-product price 
ratios and product-factor prices and a number of exogenous 
variables. Both approaches a) and b) would generate the future 
time path. Approach c) is best suited for establishing the 
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relationships between competitive enterprises, and essentially 
provides a short run forecast of major policy variables. 
Maki (62), in an interesting paper, combines approaches 
a) and b). Commercial beef production is related first to 
the level of livestock inventories on farms, and subsequently 
to the level of market prices at the time of decision making 
in livestock production. In this study, the beef and pork 
cycles were decomposed into livestock classes and the time 
sequence of interrelated events that characterize their opera­
tion during the period 19^ 9 to i960. The method of least 
squares was employed in the fitting of annual, semiannual, and 
I 
quarterly data to the alternative models. The variables in­
volve a more detailed breakdown of livestock classes than pre­
viously attempted in similar forecasting studies. Changes in 
the number of cattle and calves on hand, January 1, were asso­
ciated with past changes in cattle slaughter and meat produc­
tion. With these equations, a recursive chain of events is 
depicted wherein the number of beef cattle 2 years and older, 
is used to explain the number of beef calves the following 
year, the number of beef heifers and steers 2 years later, and 
the number of beef cows three years later. Since complete 
disappearance data in slaughter and deaths were lacking, esti­
mates of federally inspected slaughter were taken to represent 
disappearance. The lagged price of feeder calves at Kansas 
City and the average price of barrows and gilts at Chicago 
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for the first six months of the previous year complete the 
variables in the system of equations. Total commercial 
slaughter of cattle and commercial slaughter of all calves 
were then related to the critical inventory variables. The 
model allowed for very limited interaction with the hog 
cycle, in the sense that only the equation estimating the in­
ventory change in the number of beef cows included a repre-
I 
sentative price for hogs. No regional disaggregation of com­
mercial slaughter was attempted. Mauldon (66) performed a 
comprehensive analysis of four components of total beef and 
veal supplies, in terms of product-product price ratios and 
I 
product-factor price ratios. No inventory or other exogenous 
variables were included, but since current as well as lagged 
prices were included, no purely recursive model was possible. 
The four components are a) cattle sold from beef herds in 
Western range and Mountain states, b) cattle bought as feeders 
and stockers, c) cattle bred and fed locally and d) beef and 
veal supply from dairy herds. The relationships between these 
components and total beef and veal supplies were not investi­
gated. The number of cattle marketed from beef herds in 14 
range and mountain states were obtained as total marketings 
less the number of cows shipped in for feeding and breeding 
and cows eliminated from dairy herds during the year. It 
should be kept in mind that inshipments of cattle were not 
expressed in net terms and therefore the number of cattle sold 
3^3 
has no direct relationship to the disappearance of beef ani­
mals in terms of numbers slaughtered. Cattle bought as feeder 
and stockers were obtained for seven Corn Belt States, with 
the year beginning at August 1. With this procedure, no com­
plete coverage of feeder steer movements was obtained, since 
states not included in Mauldon's study comprise a substantial 
percentage of total U.S. feeder-steer movements. Cattle bred 
[and fed locally were related separately to seven Corn Belt 
States and fourteen South Eastern States and obtained as the 
total number of commercially slaughtered cattle in those 
states less the number of cows and heifers eliminated from 
dairy herds and less the number of feeder and stockers steers 
received for the year beginning at August 1. ' The number of 
dairy cows and heifers eliminated from dairy herds was cal­
culated for all of the United States, on à calendar year 
basis. Ordinary least squares were used in estimating the 
parameters. Various transformations on the original observa­
tions were carried out for all formulated equations. The time 
period covered varied with data availability. The time series 
used included at least 16 observations and at most 25 observa­
tions with the year 1959 as the terminal observation for all 
time series. Cromarty (18) estimated a supply curve for beef 
within the context of a comprehensive model, the parameters 
of which were estimated through the LISE method. Liveweight 
slaughter of beef was determined by the current price received 
I 
3# 
by farmers for all beef cattle, the index of range conditions, 
the January 1 inventory of steers and calves and the available 
supply of feed grains. The study used annual observations for 
the period 1929 to 1953» An increase in current production of 
feed grains had a negative association with current production 
of beef. The elasticity coefficient for prices received by 
farmers for beef cattle was .037» but not statistically sig­
nificant. This fairly low estimate for current response to 
changes in prices received would suggest that recursive rela­
tions in beef supply response cannot be rejected a priori. 
Wallace and Judge (107) estimate the supply of beef within a 
system of just identified simultaneous equations. Both the 
supply at farm level and retail level are estimated through 
ordinary least squares. Production of beef was determined by 
the January 1 inventory of animals, more than two years old, 
the availability of feed grains, an index of range conditions 
and a trend variable. No price variables were included in 
this relation. In an alternative model a distinction was made 
between beef cattle and calves on feed and the number of* 
claves not on feed plus the number of dairy cows more than two 
years old. Also included was the lagged production of corn. 
In either of these equations the farm production of beef was 
explained quite successfully. Supply of beef at retail level 
was expressed in terms of liveweight of mature cattle. In the 
independent variables a distinction between feeder cattle and 
3^5 
non-feeder cattle at January 1 was utilized; also included 
were the lagged farm prices of beef and corn. The coefficient 
of multiple determination was rather low for this critical 
relationship. In an alternative equation the average weight 
of mature cattle slaughtered was taken as the dependent vari­
able. The independent variables in this relationship included 
the lagged farm price of beef, the lagged production of corn 
and the lagged average slaughter weight for mature cattle. 
The coefficient of determination was low. 
Supply Relationships for the United States 
Total United States annual beef production 
For purposes of statistical analysis we define the fol­
lowing variables: 
The total number of all cattle on farms, at January 
1, year t, in thousands. 
X2 The number of all beef animals, except calves, on 
farms, at January 1, year t, in thousands. 
Xo The annual weighted hog-corn ratio, year t - 1. The 
price received by farmers per hundred pounds live-
weight of hogs sold divided by the farm price of 
corn in dollars per bushel; weighted by months and 
by states; year t - 1. 
Xjif, Total production of hay, in million tons, year t. 
Includes hay from legumes, grains cut green for 
hay, wild hay and all other hay. 
Xc Annual weighted average price received by farmers 
, for all cattle sold (excluding calves), in current 
dollars per hundred pounds liveweight, year t. 
3^6 
Annual weighted average price received by farmers 
for all milk sold, wholesale, in current dollars 
per hundred pounds, year t. 
Annual weighted average of the beef-feed price 
ratio, year t. The price received by farmers per 
hundred pounds liveweight of all beef cattle sold, 
in current dollars, divided by the cost of the 
representative beef ration in current dollars per 
hundred pounds. 
Annual weighted average of the beef-feed price 
ratio, year t - 1. 
Total marketings of cattle and calves, in million 
pounds, year t. This variable represents shipments 
to markets and packers within a state and all ship­
ments out of the state. This estimate does not 
include farm slaughter or interfirm sales within 
the state. 
I 
Total number of calves marketed, including farm 
slaughter, in thousands, year t. 
Total annual production of milk on farms, in mil­
lion pounds, year t. Excludes milk sucked by 
calves. 
Average annual weighted price received by farmers 
for calves sold, in current dollars, per hundred 
pounds liveweight, year t. 
Average annual weighted price received by farmers 
for all cattle sold (excluding calves), in current 
dollars per hundred pounds liveweight, year t - 1. 
Average annual weighted price received by farmers 
for calves sold, in current dollars per hundred 
pounds liveweight, year t - 1. 
Average annual weighted price received by farmers 
for all milk sold, in current dollars per hundred 
pounds, year t - 1. 
Time, 1930 = 1; i960 = 31. 
Total production of cattle and calves, in million 
pounds liveweight, year t. Includes adjustments 
for inshipments and changes in inventory, year t. 
3^7 
Production of corn, oats and barley, in 100 million 
feed units, year t. 
^19 Average annual weighted price of choice slaughter 
steers at Chicago, in dollars per hundred pounds 
liveweight divided by the annual weighted average 
of the price of stocker-feeder steers at Kansas 
City, year t. 
X20 Average weighted price of choice slaughter steers 
at Chicago, March through May, in dollars per hundred 
pounds liveweight, year t, divided by the weighted 
average of the price of stocker-feeder steers at 
Kansas City, August through December, in dollars 
per hundred pounds liveweight, year t - 1. 
X21 The number of beef cows and heifers, more than one 
year old, on farms at January 1, year t. 
X22 The difference in the total number of cattle on 
farms at January 1, year t + 1 and at January 1, 
year t. 
X23 The number of beef heifers, between one and two years 
old, on farms at January 1, year t + 1. ' 
X2lf, The number of milk cows and heifers, more than two 
years old, on farms at January 1, year t + 1. 
X25 The estimated number of young dairy breeding stock 
sold, in thousands, year t. This variable includes 
shipments to markets and packers within a state 
and all shipments out of a state. 
X26 The estimated number of beef breeding stock sold, 
in thousands, year t. This variable includes ship­
ments to markets and packers within a state, and all 
shipments out of a state. 
X2y The estimated number of beef cattle sold, not used 
for beef breeding purposes, in thousands, year t. 
Includes shipments to markets and packers within a 
state, and all shipments out of a state. 
X28 Total production of hay per animal on hand at Jan­
uary 1, year t. Animals on hand include all dairy 
cattle and beef cattle, more than one year old, 
except steers and bulls, on farms at January 1, 
year t. 
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X29 Variable X26 lagged one year. The estimated niomber 
of beef breeding stock sold, in thousands, year 
t - 1. 
X30 The average number of milk cows on farms during the 
year, in thousands, year t - 1. 
The estimated number of dairy breeding stock sold, 
including heifers and cows, in thousands, year t. 
X^2 Total production of cattle and calves, in million 
pounds liveweight, year t - 1. Includes adjustments 
for inshipments and changes in inventory. 
X33 Total production of corn, oats, barley and all hay, 
in millions of feed units, year t. 
X-ak Time variable, 1931 = -8 ... 19^7 = 8; 1948 = 0 ... 
^ i960 = 0. 
Xor Time variable, 1931 = 0 ... 194? = 0; 1948 = -6 ... 
i 9 6 0  = 6 .  
X35 The production of com, oats, barley and all hay 
per beef animal, in thousands of feed units, year t. 
Beef animals include beef calves and steers on farms 
at January 1, year t. 
X^y The production of corn, oats, barley and all hay 
per beef animal, in thousands of feed units per beef 
animal, year t. Beef animals include all beef cat­
tle, except beef calves, on farms, at January 1, 
year t. 
X33 Variable X^^ lagged one year. 
X^^ The total number of dairy and beef breeding cattle 
on farms, at January 1, in thousands, year t. In­
cludes milk cows and beef cows more than two years 
old and milk heifers and beef heifers, between one 
and two years old, at January 1, year t. 
X/4.0 The calf-beef price ratio, year t. The average 
annual weighted price received by farmers for all 
calves sold, in current dollars, per hundred pounds 
divided by the average annual weighted price re­
ceived by farmers for all cattle sold (excluding 
calves), in purrent dollars per hundred pounds, 
year t. 
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calf-milk price ratio, year t. The average 
annual weighted price received by farmers for all 
calves sold, in current dollars per hundred pounds 
divided by the average annual weighted price re­
ceived by farmers for all milk sold wholesale, in 
current dollars per hundred pounds, year t. 
X42 The maturity ratio for dairy and beef breeding stock, 
year t. The number of dairy and beef heifers, be­
tween one and two years old, divided by the number 
of dairy and beef cows more than two years old, 
year t. 
The average weighted index of range conditions in 
l4 Western States, August through November, year t. 
Total production of cattle and calves, in million 
pounds liveweight, year t - 1. 
Xj[(,^  The milk-beef price ratio, year t. The average 
annual weighted price received for milk by farmers, 
in current dollars per hundred pounds wholesale 
divided by the annual weighted average price re­
ceived by farmers for all cattle sold (excluding 
calves) in current dollars per hundred pounds. 
The beef-hog price ratio, year t. The average annual 
weighted price received by farmers for all cattle 
sold (excluding calves) in current dollars per 
hundred pounds divided by the average annual weighted 
price received by farmers for all hogs sold, in cur­
rent dollars per hundred pounds, year t. 
Xi4,r? The milk-beef price' ratio, year t - 1. Variable 45 
lagged one year. 
Xij,8 The beef-hog price ratio, year t - 1. Variable 46 
lagged one year. 
Average annual weighted hog-corn ratio, year t. 
X^O Average annual weighted milk-feed price ratio, year 
t. The price received by farmers for all milk sold 
wholesale, in current dollars per hundred pounds, 
divided by the cost of the representative dairy 
ration, in current dollars per hundred pounds. 
X51 Average annual weighted milk-feed price ratio, year 
t - 1. 
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Xc2 The average weighted price of choice slaughter 
steers at Chicago, in dollars per hundred pounds, 
August through December, year t, divided by the 
price of stocker-feeder steers at Kansas City, 
in current dollars per hundred pounds, August 
through December, year t. 
The milk-hog price ratio, year t. The price re­
ceived by farmers for all milk sold wholesale, in 
dollars per hundred pounds divided by the price re­
ceived by farmers for all hogs sold, in dollars per 
hundred pounds. 
The milk-hog price ratio, year t - 1. Variable 
lagged one year. 
The average number of milk cows on hand during the 
year, in thousands, year t. 
X^5 The average number of pounds of milk produced per 
milk cow, year t. 
The above notations and definitions of variables have been 
carried through consistently for the United States, major 
i 
regions, and sub-regions. 
Table 46 represents the results obtained in estimating 
total annual beef production X^^y for the United States for the 
period 1931 to i960. Satisfactory levels for the coefficient 
of multiple determination were obtained by using a number of 
different formulations. In equation 46.1 all coefficients 
have the expected signs. An increase of one percent in the 
current annual weighted average beef-feed price ratio Xy in­
creases current beef production by .2670 percent. The coeffi­
cient is significant at the one percent level, indicating that 
current price response is an important determinant of beef 
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Table 1|6. Total annual beef production X^'j, United States, 1931 to I960, shouing regression coefficients with standard errors, levels of significance and 
mean elasticities; data used are actual observations® 
Equa­
tion r Constant 
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^d.-denotes dependent variable; K.S.-not significant at the 1(0 percent level, 
^Regression coefficient. 
"Standard error. 
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production. An increase of one percent in the current average 
annual weighted hog-corn ratio decreases beef production 
by .0534 percent. An increase of one percent in the current 
average annual weighted milk-feed price ratio X50 decreases 
beef production by .0829 percent. Both hog production and 
milk production are therefore competitive with beef produc­
tion, but such effects are not statistically significant. The 
variables that represent the number of beef cattle sold all 
have the expected sign. Variable X22 represents the differ­
ence in the total number of cattle on farms at January 1, year 
t + 1 and at January 1, year t. The coefficient of this vari­
able is statistically significant indicating that the inven­
tory effect is an important variable in determining total beef 
production. Variable X26 represents the estimated number of 
beef breeding stock sold. The coefficient of this variable 
is negative, and exhibits a degree of instability in succes­
sive equations. Variable X27 represents the estimated number 
of beef cattle sold, not used for breeding purposes. The co­
efficient of this variable is highly significant. It is some­
what surprising to see opposite signs for the coefficients of 
variable X26 variable ^2'^* There is some Indication that 
this is due to multicolllnearity since for an increasing posi­
tive response for X2'^ we find an increasing negative response 
for X25. It Is therefore possible that in this equation beef 
breeding stock and non-beef breeding stock are mutually 
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dependent. However, sales of dairy breeding stock seem 
to be independent of variables X26 and X27' The coefficient 
of variable has the appropriate sign but is not statis­
tically significant. 
In equation 46.2, we omit the current milk-feed ratio X^g 
and the current hog-corn ratio X^j,^. The coefficient of mul­
tiple determination is not substantially affected. The supply 
response effect of the current beef-feed price ratio Xy re­
mains statistically significant. In equation 46.3 we omit 
variable Xy which results in a substantial decrease of the 
coefficient of multiple determination. In equation 46.4 we 
omit variable X22, which represents the annual increase or 
decrease in cattle numbers oh farms. Omission of this vari­
able lowers the coefficient of multiple determination to 90.3 
I 
percent. 
In equation 46.5 we relate total beef production to total 
marketings X^, the annual change in cattle numbers X22 and the 
production of corn, oats, barley and all hay per beef animal 
X^y. All variables have the appropriate coefficients and are 
statistically significant. The coefficient for variable Xp 
equals .798 which corresponds to expectations since marketings 
must be adjusted for inshipments of cattle to obtain produc­
tion, and hence this coefficient should be less than unity. 
Variable X^y indirectly substitutes for prices of cattle and 
feeds, given the assumption that a close relationship exists 
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between feed availability per animal and the beef-feed price 
ratio. The coefficient of the current milk-feed ratio is 
negative and statistically significant. This indicates that 
milk production and beef production tend to be competitive, 
the corresponding cross price elasticity for variable is 
very small however; for forecasting purposes it can be ignored. 
In equation 46.? beef production is determined by all 
cattle on farms at January 1, X^, the lagged annual price re­
ceived by farmers for all cattle sold X^^, production of hay 
per animal on hand at January 1, '^28* the lagged annual 
beef-hog price ratio X^j^g. The coefficient of multiple deter­
mination equals 96.5 percent. All coefficients have the 
appropriate signs, and all are statistically significant. An 
increase of one percent in the lagged annual price received 
by farmers for all cattle sold X^^ Increases current produc­
tion by .0765 percent. An increase In the lagged annual beef-
hog price ratio Xipg Increases current production by .0534 per­
cent. The above formulation contains only lagged price vari­
ables. Given a forecast of forage availability, we can obtain 
an estimate of total beef production. For purposes of policy 
models, equations 46.1 and 46.? are to be preferred. 
Total United States number of beef cattle sold 
Table 47 presents the results in estimating the number of 
beef breeding cattle sold X26 and the estimated number of non-
Table It?, Total estimated mber of beef breeding cattle sold Ï2A and total estimated nimber of non-beef breeding cattle sold Xjy, United States, 1?31 to 196O, 
showing regression coefficients with standard errors, levels of signifioaice and mean elasticities; data used are actui observations^ 
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beef breeding cattle sold X27 for the United States for the 
period 1931 to i960. Estimation of the number of beef breed­
ing cattle sold is important since it directly influences the 
future capacity in producing beef. 
In equation 47.1 the number of breeding cattle sold is 
related to the current annual beef-feed ratio Xr,, the lagged 
annual beef-feed ratio Xg, the availability of hay per animal 
on hand at January 1, ^28* number of beef breeding stock 
sold in the previous year X25, the current annual weighted 
hog-corn ratio X49, the current annual milk-feed ratio 
and the lagged annual milk-feed ratio X^g. All coefficients 
in this equation have the expected signs. A one percent in­
crease in the current annual beef-feed ratio Xy increases 
current production by .0294 percent, which compares with .0312 
percent for the lagged annual beef-feed ratio Xg. However, 
the price effects of variables Xy and Xg are statistically 
not significant. The lagged price response effect however, is 
of some importance in determining the number of beef breeding 
animals sold. An increase of one percent in the production of 
hay per animal on hand, decreases current sales of beef breed­
ing stock by 1.2347 percent. This very substantial response 
indicates that in years of abundant forage the beef breeding 
herd will accumulate and that in the short run, forage avail­
ability exerts a greater influence on the number of beef 
breeding animals sold than prices received for cattle. The 
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coefficient of variable is of appropriate magnitude since 
it is less than unity. The coefficient for the current annual 
hog-corn ratio is negative, indicating that when the 
profitability of the hog enterprise increases the number of 
I 
beef breeding cattle sold will decrease. This effect, how­
ever, is not statistically significant. The coefficients for 
both the current and lagged annual milk-feed price ratio 
(variables X^g X^^) are positive. This indicates that if 
milk production becomes more profitable, the beef breeding 
herd will be partially liquidated. The strength of this com­
petitive effect is quite important. A one percent increase 
ijn the current milk-feed ratio increases the number of beef 
breeding cattle sold by .4-927 percent. An increase of one 
I 
percent in the lagged milk-feed ratio increases the number 
of beef breeding cattle sold by .5666 percent. Prom equation 
47.1 we would conclude tentatively that the beef-feed price 
ratio has little impact upon the number of beef breeding cat­
tle sold relative to the response elicited by forage avail-. 
I 
ability and the competitive dairy enterprise. The high cross 
price elasticities for the milk-feed ratio Indicate that for 
the United States some interchangeability exists between dairy 
production and cattle production. 
In equation 47.2 we omit the current beef-feed price 
ratio Xy and the current and lagged milk-feed price ratios, 
X^O 3.nd X^i. The coefficient of multiple determination 
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declines to 81.9 percent. This would indicate that although 
variables X-p, X^]^ separately are not statistically 
significant, their combined effect will be of importance. 
Equation 47.2 is recursive in its price variables, whereas 
equation 47.1 is not. For forecasting purposes, it will be 
desirable to use equation 47.1 even though a preliminary esti­
mate must be made for variables Xy and X q^. 
In equations 47.3» 47«4 and 47«5» we estimate the number 
of non-beef breeding cattle sold . The coefficients of 
multiple determination are at acceptable levels and substan­
tially the same for different formulations. In equation 47*3 
all variables have coefficients with correct signs, but for 
variable Xg, the lagged annual weighted beef-feed price ratio. 
A similar conclusion holds for equation 47.5» Since it is 
imperative that at least the own price variable have a correct 
sign, we will restrict ourselves to the discussion of equation 
47.4. The number of non-beef breeding cattle is determined by 
the number of all beef cattle on farms (except calves) on Jan­
uary 1, X2, the current beef-feed price ratio X.p, two trend 
variables, X^^ and X^^, relating to the periods prior to and 
after 19^7» the current beef-hog price ratio and the 
lagged milk-feed price ratio X^^. An increase of one percent 
in the current beef-feed price ratio Xy increases sales of 
non-beef breeding cattle by .0383 percent. This effect is 
quite small and statistically nonsignificant. An increase of 
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one percent in the beef-hog price ratio X2|5 decreases current 
sales of non-beef breeding cattle by .0976 percent. This is 
logical only if with rising prices for cattle sold relative to 
prices received for hogs sold, producers expect this trend to 
continue and thereby continue to hold beef cattle on farms. 
An increase of one percent in the lagged milk-feed price ratio 
X^2. decreases current sales of non-beef breeding stock by 
.0869 percent. This effect is not statistically significant. 
In equation 4^.1 an increase in the current milk-feed price 
ratio X^Q leads to partial liquidation of the beef breeding 
herd. This is reflected in a diminished calf crop in the 
next year, which therefore leads to a decrease in the number 
of non-beef breeding cattle sold. Hence variable X^ q has a 
lagged effect on variable X2y. For purposes of forecasting 
equations 47.1 and 47.4 appear to be suitable. Neither one 
of these equations is completely recursive. 
Total number of calves marketed and 
total beef marketings for the United States 
Table 48 presents the results obtained in estimating the 
number of calves marketed X^Q and the total beef marketings 
X^, for the United States for the period 1931 to I960. 
In equation 48.1 we relate the number of calves marketed 
to the number of dairy and beef breeding cattle on hand at 
January 1, Xgg, the current calf-beef price ratio Xz^g, the 
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Table li8. Total nmber of calves marketed X^o, and total beef marketings Ï5, United States, 1931 to i960, shoidng regression coefficients with standard errors, 
levels of significance and mean elasticities; data used are actual observations^ 
Equa­
tion Constant 
^7  ^ % % % % ^39 % . \l ^k2 %l(9 
1(9.1 ,81$ 172$$.337 d. .219 -10219,832^ -2S3.?20 -12?li3.6l(0 
(A3) (l,%,%6)': (200.119) (I9ltl$.112) 
.001 é .33 iS. 
(',916»)^  (-2#) 
1)8.2 ,812 D53W d. .213 >9289.21] '3)$,(A 
(.W) (!t2$3.%8) (182.151) 
.001 .05 .23 
(-.833li) (-.1098) 
1i8.3 .ÎÎI d. -31(7 .I|91 
(.(E9) (193.311(1) 
.00]^ .10 
(-.12)1) 
#.62? 383,l|!t3 d. .203 '9>>% •20.020 
(10),M (.w) (86.01(2) (996,$10) 
.01 .20 .02 .001 N.S. 1J.S. 
(,11D3) (..#) 
I18.5 ,?$o $.692 d. .180 .1^ .811 
(.1$) (.112) (.161) 
.001 .» .01 .001 .001 
^d,"denotes dependent variable; iS.-not significant at ttie 1|0 percent level. 
^Regression coefficient. 
Standard error. 
Wl of significance. 
%em elasticity, 
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current calf-milk price ratio Xzpi and the current maturity 
ratio for dairy and beef breeding stock Xij-g* In equation 48.1 
the coefficient of multiple determination equals 81.5 percent. 
All coefficients have the expected signs. A one percent in­
crease in the calf-beef price ratio decreases the number of 
calves marketed by .9169 percent. This effect is statis­
tically significant. An increase of one percent in the cur­
rent calf-milk price ratio decreases,current sales of calves 
by .0919 percent. This effect is statistically significant at 
the thirty percent level, |but is very much smaller than the 
response effect of the calf-beef ratio. This indicates that 
in the short run a calf is primarily considered with its 
potential as a beef animal. The coefficient of the maturity 
of the breeding stock X.1^2 negative, indicating that with a 
beef breeding stock with a high percentage of heifers between 
one and two years old, this year's crop will market propor­
tionately less calves. In equation 48.2 we omit variable Xi|,2, 
but this does not materially affect the coefficient of mul­
tiple determination. In equation 48.3 we subsequently omit 
the calf-beef price ratio Xj[j,Q. The coefficient of multiple 
determination then declines to .777' Hence for purposes of 
forecasting we would prefer equation 48.2. 
In equations 48.4 and 48.5 we estimate total beef market­
ings. Marketings differ from production through changes in , 
the inventory of animals on hand. Such differences may be 
365 
quite substantial. Production data are adjusted for inship-
ments of cattle, whereas marketings are not. Since the pri­
mary collection of statistical information is on marketings, 
it is evident that production data have a source of error 
I 
which results from basing production data on marketing data. 
From the point of statistical analysis it is always easier to 
obtain satisfactory relationships for marketings, rather than 
production, because of the difference in accuracy of the de­
pendent time series involved. In equation 48.4 we relate to 
beef marketings the annual price received by farmers for all 
cattle sold Xy, the total number of calves sold the num­
ber of beef breeding cattle sold ^26* the number of beef cat­
tle sold not used for breeding the current annual hog-
I 
corn ratio and the current milk-feed ratio X q^* All 
coefficients have the expected signs. A one percent increase 
in the current price received for all cattle sold Xy increases 
marketings by .1103 percent. This effect is statistically 
significant. An increase of one percent in the current hog-
corn ratio Xi^(^ decreases beef marketings by .0313 percent. 
This effect is not statistically significant. An increase of 
one percent in the current milk-feed ratio decreases beef 
marketings by .0014 percent. This effect is not statistically 
significant. The effect of the direct price elasticity of 
variable X^ is much larger than the sum of the cross price 
elasticities. 
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In equation ^ 8.5 we exclude variable and variable X^g 
but include the number of dairy cattle sold - The coeffi­
cient of multiple determination declines to 95.0 percent. 
This conforms with our previous finding that the estimate of 
the number of dairy cattle sold is subject to proportionately 
large reporting error. Hence, equation 48.4 is to be pre­
ferred for forecasting purposes. It will be observed that 
this equation contains no lagged variables. Beef marketings 
therefore cannot be estimated in a recursive model. Equation 
48.4 can be substituted into equation 48.5» such that annual 
beef production becomes indirectly dependent on beef market­
ings. If we obtain a separate estimate for both marketings 
and production then the difference between these estimates 
represents inshipments plus inventory change. The Inventory 
change in animals on hand can be estimated from the number 
of dairy cattle sold, the number of beef cattle sold, the 
estimated calf crop and the number of calves sold. 
A Regional Analysis of Beef Production 
Past research on beef supply response has paid little 
attention to regional disaggregation. Mauldon (66) achieved 
a partial disaggregation by analyzing beef cattle numbers 
marketed in terms of geographical origin i.e., cattle sold 
from beef herds in Western range and Mountain states, cattle 
bought as feeders and stockers in selected Corn Belt states, 
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cattle bred and fed from beef herds in seven selected Corn 
Belt states and fourteen Southern and South Eastern states 
and cattle sold from dairy herds for all of the United States. 
In this study we distinguish six major geographic regions 
within the United States. In a further level of disaggrega­
tion we separate the North Central States into regions which 
are more nearly homogeneous with respect to types of farming 
found in that region. The choice of geographic or Census 
regions in this study is not entirely defensible if we aim at 
homogeneity of type of farming. The United States Department 
I 
of Agriculture prefers a set of production regions which do 
not coincide identically with the geographic regions in this 
study. Production and price data are however more readily 
available for geographic regions and guided the choice towards 
geographic regions as sub-national aggregates in this study. 
Regional disaggregation permits the inclusion of regionally 
specific variables in the analysis, whose effects would not 
be observable in a national analysis. Appropriate specifica­
tion of variables and the delineation of substantially homo­
geneous regions is necessary if aggregation bias is to be 
avoided. Cattle production is readily adaptable to widely 
differing economic environments; this however, leads to sub­
stantial heterogeneity in the type of animal produced, the 
inputs used, and.the average size of the operation. Whereas 
in poultry production all of the foregoing factors, except 
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size, tend to be fairly uniform for different regions within 
the United States, precisely the opposite situation tends to 
prevail in cattle production. Such heterogeneity is likely 
to be reflected in different supply relationships between 
regions. The economic environment determines the type of 
cattle operation, but due to the fact that there are many 
types of cattle operations, one cannot simply discover the 
existence of a comparative advantage of one region relative 
to another region. In industries which are more nearly uni­
form in product and input structure, the locational factors 
as expressed in the prices of products and factors become very 
important as in the poultry industry and dairy production. In 
I 
cattle production, it is more nearly the topographical situa­
tion and the existing competitive enterprises which deter­
mines the type of cattle production. For purposes of anal­
ysis, it is convenient to consider cattle production in two 
separate but interconnected stages. We can distinguish the 
primary stage or the cow-calf operation and a secondary stage 
as represented by the fed cattle operation. The problem is 
compounded if we consider young calves and cull cows sold from 
dairy herds as a third component in cattle production. Table 
49 presents the quinquennial averages of the estimated number 
of cattle sold by regions for the period 1931 to i960. Cattle 
marketings in the North Atlantic States have traditionally 
been dominated by sales of cattle from dairy herds. For the 
Table 49. Estimated number of cattle sold, by regions, 1931-1960 (thousands)^ 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
1931- Dairy 600 1186 1512 368 1017 - 544 5228 
1935 Beef 91 686 4189 433 2794 2094 10286 
Total 691 1072 5701 701 3811 2638 15514 
1936- Dairy 615 1243 1431 408 1150 543 5390 
1940 Beef 104 920 3785 468 2925 2076 10278 
Total 719 2163 5216 876 4075 2619 15668 
1941- Dairy 693 1494 1805 468 l4o6 684 6549 
1945 ~ Beef 89 1120 4459 457 2821 2173 11119 
Total 782 26l4 6264 925 4227 2857 17668 
1946- Dairy 738 1685 1728 504 1430 734 6820 
1950 Beef 92 1036 4825 497 3137 -2558 12144 
Total 830 2721 6553 1001 4567 3292 18963 
1951- Dairy 7?4 1658 1493 551 1302 654 6432 
1955 Beef 84 1470 6110 594 3562 2905 14726 
Total 858 3128 7603 1145 4864 3559 21158 
1956- Dairy 823 1733 1571 581 1318 731 6757 
1960 Beef 87 2043 7435 1147 4201 3711 18624 
Total 910 3776 9006 1728 5519 4442 25382 
^Includes death losses. 
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East North Central States dairy cattle sold were numerically-
more important than beef cattle sold until the late fifties. 
The West North Central States have traditionally marketed more 
beef cattle than dairy cattle. The South Atlantic States used 
to sell approximately equal numbers of dairy cattle and beef 
cattle, but in the late fifties beef cattle sales became more 
important. Both the South Central States and Western States 
have traditionally had very heavy beef cattle sales relative 
to dairy cattle sales. For the United States we observe that 
beef cattle sales increased from 10.2 million head in the 
early thirties to 18.6 million head in the late thirties. 
1 
Dairy cattle sales over the same period increased by I.5 mil­
lion head to sales of 6.7 million head in 1956 to i960. Beef 
cattle sales have become relatively more important for all 
regions in this study, but the major impact of increased sales 
occurred in the West North Central States, which registered 
an average increase of 3.2 million head over a thirty year 
period. The corresponding increases for the Western and South 
Central States were respectively 1.7 million head and I.5 mil­
lion head. The East North Central States showed an increase 
of 1.4 million head. Both the cow-calf operation and the fed-
beef cattle operation expanded but the latter proportionately 
more. The number of cattle and calves on feed at January 1 
has more than doubled in the past thirty years. Practically 
all cattle on feed are found in the North Central and Western 
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States. The West North Central States had 6.13 percent of 
all cattle on feed in the early thirties, but in recent years 
this figure has declined to approximately 50 percent. The 
East North Central States have maintained a share of approxi­
mately 20 percent over the last thirty years. Cattle numbers 
on feed have shown their greatest relative increase in regions 
outside the above two groups of states, a trend which is like­
ly to continue. The economic factors behind this are complex. 
In some areas the disappearance of cotton favored the develop­
ment of the beef enterprise, as did many irrigation develop­
ments. Cattle feeding depends on a cheap supply of feed-
grains. The midwestern states were traditionally most favored 
in this respect. Table 50 presents the percentage of cattle 
on feed in a given region as a percentage of total beef cattle 
sold for that region. For the United States fed beef cattle 
sales as a percentage of total beef cattle sales increased to 
38.0 percent for the war years, but this percentage has de­
clined to 3^*3 percent in the late fifties. This trend is 
substantially identical for the West North Central States. 
The East North Central States traditionally have had a high 
percentage of fed beef cattle, but this share declined strong­
ly in the past decade. Even so this region continues to have 
the highest percentage of fed beef cattle sales. Fed cattle 
affects both the quantity and quality of beef marketed. By, 
feeding beef cattle on a grain ration, it is possible to mar-
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Table 50* Number of cattle and calves on feed, at January 
1, by regions, 1931 to i960 (in thousands) 
East North 
Central States 
West North 
Central States 
Other 
Regions 
United 
States 
1931 to 1935^ 609 1727 482 2818 
(21.6) (61.3) (17.1) •— — 
B (88.7) (41.2) ( 9.1) (27.4) 
1936 to 1940 826 1650 771 3247 
A (25.4) (50.8) (23.7) - -
B (89.7) (43.6) (31.8) (31.6) 
1941 to 1945 954 2392 878 4224 
A (22.6) (56.6) (20.8) — — 
B (85.2) (53.6) (15.8) (38.0) 
1946 to 1950 923 2367 981 4271 
A (21.6) (55.4) (23.0) — — 
B (89.1) (49.1) (15.6) (35.2) 
1951 to 1955 1126 2846 1379 5351 
A (21.0) (53.2) (25.8) 
B (76.6) (46.6) (19.3) (36.3) 
1956 to i960 1353 3144 1898 6395 
A (21.2) (49.2) (29.7) — — 
3 (66.2) (42.3) (20.8) (34.3) 
®-A: the percentage of total U.S. cattle on feed in a 
given region. 
B: the percentage of cattle on feed in a given region 
as a percentage of total beef cattle sales in that region. 
ket beef cattle at choice or prime grade. The price differ­
ential between grades is substantial. It tends to be highest 
in periods of scarce supply. Cattle feeding has helped to 
even out the seasonal pattern of supoly of beef. The enter­
prise fits in well with many Corn Belt farms. Feeder cattle 
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are fattened through the late fall and winter months and hence 
employ labor which otherwiee would be idle. In many instances 
home produced grains are used for feed lot feeding. There is 
a wide choice in grade, weight and kind of cattle available 
for feeding. Feeding systems vary all the way from putting 
a short term dry lot grain finish on heavy cattle to running 
calves through a combined grain and forage feeding period that 
may exceed 12 months. There is a great deal of flexibility 
built into the feeder enterprise both from a standpoint of 
number of cattle fed, type of cattle fed and feeding prac­
tices. In the midwestern states the bulk of cattle feeding 
is done by individual farmers who handle from 10 to 200 head 
each year. In the Western States we are witnessing an in­
creasing trend towards large scale feed-lot feeding. Due to 
heavy investment per animal unit and complete specialization 
I 
.the flexibility of such enterprises is quite limited. His­
torically feeder cattle have not shown any substantial in­
crease in feeding efficiency, and it is certainly inconse­
quential when compared to the spectacular gains in feeding 
efficiency in the poultry industry. Improved breeding pro­
grams tend to take a long time in their diffusion, mostly be­
cause of the limited rate of reproduction. The feeder enter­
prise is highly speculative. Feeders are purchased in the 
late fall and marketed in early spring. At any given time 
there is a close relationship between the price of stocker 
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and feeder calves and the price of choice slaughter steers. 
However, the relationship between the price of choice 
slaughter steers at the time when the finished feeder cattle 
are marketed can deviate a great deal from the relationship 
which was anticipated the previous fall. The profit margin 
per dollar of feed increases proportionately with the index of 
feeding efficiency and the beef-feed price ratio at time of 
purchase of the animal and the ratio of th,e price per 100 
pounds of the finished animal relative to the price per 100 
pounds of the stocker animal, and the final weight of the 
animal relative to its initial weight. Over the past thirty 
years, the price ratio between choice slaughter steers and 
stocker feeder calves has narrowed very considerably, however 
at the same time the beef-feed price ratio has increased, such 
that average profitability in the feeder enterprise remained 
the same. If, however, the beef-feed price ratio were to 
decline in the near future the growth in numbers of fed cattle 
would be arrested forthwith, unless sufficient progress can 
be made in increasing feeding efficiency and lower operating 
costs per animal fed. 
I. 
So far we have limited ourselves to a discussion of the 
feeder cattle enterprise. Feeder cattle, however, represent 
the secondary stage in cattle production. A beef breeding 
herd is necessary to produce the calves or year-long feeders 
that are used in the feeder enterprise. The location of the 
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beef breeding herd and the feeder cattle enterprise can be 
combined on the same farm, but in practice, the two are geo­
graphically separate enterprises, such that the range states 
ship feeder calves and yearlings into the states that special­
ize in cattle feeding. In the cow-calf operation we can gen­
erally distinguish two types of operations i.e. stock farming 
and stock ranching. Stock farming is found all through the 
United States. It depends upon an economic environment that 
provides a plentiful supply of forage on a limited land base. 
Generally we find this type of operation in areas which are 
topographically ill suited to the production of crops and not 
sufficiently productive for dairying. Stock ranching is 
limited to the South Central and Western States, but great 
diversity with respect to management possibilities exists 
within these regions. The Western part of the West North 
Central Region marks the transition zone between crop farming 
and ranching. The annual precipitation in the Western and 
South Central ranching states is limited to about 25 inches, 
but great differences exist in the seasonal patterns of rain­
fall, which determines the pattern of forage availability and 
the marketing months of the beef calf crop. In some areas 
year round grazing is possible, in other areas up to four 
months of winter feeding is necessary. This in turn deter­
mines whether a ranching operation is labor intensive. With 
rising labor costs, the latter type of operation has not 
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been nearly as profitable as the labor and land extensive 
operations in the South Central States. The major source of 
feed is forage; between 12 and 100 acres of range land are 
required per animal unit. The capital investment per animal 
unit lies above 400 dollars. The larger operations have a 
lower investment per animal unit than small ranches. Some of 
this is due to economies of scale, but another, and more im­
portant, factor is that large scale ranches are found on 
poorer range land. For the period 1931 to 1935 approximately 
56 percent of all beef animals on hand were found in the 
South Central and Western States. For the period 1956 to I96O 
this figure had declined to 5I percent. It must be emphasized 
that relative to the large expansion in cattle numbers changes 
in regional shares have been minor. The development of the 
beef enterprise in the diverse economic regions was therefore 
characterized by a complementary relationship, rather than a 
competitive one. 
Annual beef production for the North Atlantic States 
Table $la presents the results obtained in estimating 
annual beef production for the North Atlantic States. This 
region accounted for 53*8 percent of U.S. cattle production 
in 1930 to 1935» over the next decades this figure declined 
to 3*70 percent in the late fifties. The North Atlantic 
States are therefore of minor importance in beef production. 
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I Table $la, Total annual beef production Xji?, teth Atlantic States, 1^31 to 1?60, showing regression coefficients standard errors, levels of significance 
and mean elasticities; data used are actual observations® ' 
tion Constant % ^ % % % 1% 1% 1% 1% ^ h i^iii  ^
51.1 .w 'im 
$1.2 .776 -80.632 
-663.08? .306 
It].11^  ^ ,237 
.Olii ÎÎ.S. 
(.229$)^  
Wi.&2 .136 
(15.116) (.256) 
.01 N.S. 
(.8%) 
51.3 
5l.k .881 -607.8^5 ,2y8 
(.Oli7) 
.001 
51.5 ,939 -100.^5 n.328 
(W2) 
.02 
-.765 
N.S. 
(-.OOJlt) 
.01 
d. .7Sl 1.795 -.S)2 
(.157) (1.P) (.756) 
.001 .30 .30 
.kit? 1.073 -.530 
(.]jg) (l,5li3) (.W) 
.05 U.S. i(.S. 
9.1t60 
(5.709) 
.2) 
(.1133) 
.538 
(.213) 
.681} 
(.198) 
.01 
-118.108 
(^.Iii7) (96,02) (97,539) 
.30 I.S. iS. 
(-.1615) (.0393) (.0251) 
-W,297 1I7.653 
(35.^81) (79.358) 
.20 M.S. 
(-.1621) (.0107) 
169.1|19 
(.05%) (!|2,930) 
.001 .001 
(.llll|9) 
d.-denotes dependent variable; Il.S.-not significant at tiie 1(0 perceit level. 
"Standard error. 
®Hean elasticity. 
378 
Most beef marketed in this area is adjunct to the dairy enter­
prise, beef cattle account for only slightly more than ten 
percent of total cattle sales. 
In equation 51*1 we include the current annual weighted 
beef-feed price ratio X.p, the total number of calves marketed 
Xio, the inventory change in cattle numbers at January 1, ^ 22* 
the number of beef breeding cattle sold ^26» the number of 
beef cattle sold, not used for breeding purposes have the 
expected signs. All variables but one have statistically sig­
nificant effects. The coefficient of multiple determination 
is rather low, but this is in part due to inaccuracies in 
published statistics. An increase of one percent in the cur­
rent beef-feed price ratio increases production by .2295 per­
cent. This effect is statistically highly significant. It 
indicates that with favorable beef prices, a substantial 
number of dairy cattle are sold for beef purposes. The inven­
tory change in cattle numbers X22 has a statistically signifi­
cant effect on production. Variables X26 and X2y refer to beef 
cattle sold; these two variables are highly interrelated as 
is evident from the instability of the coefficients for these 
variables in equation 51•! ank 51.2. The effect of dairy 
cattle sold, variable X^i, is statistically highly signifi­
cant. This corresponds to the predominance of dairy cattle in 
this region. 
In equation 51*2 we reformulate equation 51«1 such that 
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we include the lagged beef-feed price ratio Xg for the current 
beef-feed price ratio Xy. The coefficient of multiple deter­
mination is not substantially affected by this transformation. 
i 
An increase of one percent in the lagged beef-feed price ratio 
increases current production by .235^ percent. Hence for 
practical purposes, variables and Xg can be used inter­
changeably. This however does not imply that annual beef 
production in equation 51«2 is recursively determined, since 
variables X22 and X^^ depend on current economic conditions. 
In equation 51*3 we include the number of cattle on farms 
at January 1, Xj» the current price received by farmers for 
all cattle sold X^, the lagged price received by farmers for 
I 
all cattle sold X]_^, the production of hay per animal on hand 
at January 1, X28, the current beef-hog price ratio Xij.^, and 
the lagged beef-hog price ratio Xi^g. The coefficient of mul­
tiple determination increases to 83.2 percent, but in contrast 
to the previous formulation, individual variables have no 
statistically significant effects. The direct price elas­
ticity of the current price received for beef cattle sold X^, 
equals -.0094, but is not statistically significant. An in­
crease of one percent in the lagged price received for beef 
cattle sold Xj_^ equals .1133 percent, and is statistically 
significant. An increase of hay production per animal on hand 
tends to decrease annual beef production. This is possible 
provided an increase in forage availability leads to an 
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increasing number of beef cattle on farms. Since forage 
availability is strongly dependent on weather conditions, 
variable X28 iH&uces substantial year to year fluctuations 
in beef production. An increase of one percent in the current 
beef-hog price ratio increases production by .0393 per­
cent. This compares to .0251 percent for the lagged beef-hog 
price ratio Xij.8. The hog enterprise is not important in the 
North Atlantic States but from equation 51*3 would follow that 
a degree of competition exists between hog production and beef 
production. Such effects are not statistically significant. 
If we evaluate the price of beef cattle and the price of hogs 
at their mean values for the period 1931 to I96O, then the 
combined price elasticity of the price received for beef 
cattle sold in variables X^, X^^, and X^g equals .I695. 
In equation 51we reformulate equation 51*3 such that 
only predetermined variables appear as independent variables. 
An increase of one percent in the lagged price received for 
beef cattle sold equals .1134, which is substantially equal 
to the result in equation 51*3• An increase in hay production 
per animal on hand at January 1, X28, decreases current pro­
duction of beef by .1621 percent, which again is very similar 
to the result in equation 51«3• An increase of one percent 
in the lagged beef-hog crice ratio X;^,g, increases current 
production by .0^0? percent, but this effect is not statis­
tically significant. The combined price elasticity of the 
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price received by farmers for beef cattle sold, as it appears 
in variables and combined equals .1549- From equa­
tion 51»^ it would appear that for the North Atlantic States 
a recursive relationship in predicting annual beef production 
can be used with good results. 
Annual beef production for the 
East North Central States 
Equations 51»^ through 51*10 present the results obtained 
in estimating beef production for the East North Central 
States. This region accounted for 15«6 percent of United 
States beef production in the early thirties. This share has 
I 
varied very little since. Production has increased by 82 per­
cent over a twenty-five year period. Until the early fifties, 
dairy cattle sales were more important than beef cattle sales 
for this area. More than sixty percent of all beef cattle 
sold in this region are fed cattle. 
In equation 51*6 we relate total annual beef production 
to the current beef-feed price ratio Xy, the number of calves 
marketed the change in inventory cattle numbers ^22' the 
number of beef cattle sold, X25 and -^27* the number of 
dairy cattle sold The coefficient of multiple determina­
tion equals 9^«2 percent. Both variables Xy and Xg have signs 
which contradict expectations, making equation 51*6 unaccept­
able . 
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lable Jlbi Total animal beef production East Norfc Central States, 1931 to I960, shoidng regression coefficients with standard errors, levels of significance 
and mean elasticities; data used are actual observations^ 
tion R Constant Xj ïg Îjq Xy X^^ Xgg l2^ Xgg Xj]_ Xjj[| Xj^^ 
^2 7MA& 
$1.7 ,9li2 là5.123 
-Ikk# 
(26.86f 
('.0363f 
l.S. 
11.003 ,069 
(;9.369) (,17!t) 
lis, H.S, 
d. .186 -1.807 .323 ,% 
(.2^ 7) (,3K) (.222) 
.001 .001 .1(0 .05 
& JB j# .5% 
(.2B2) (,$la) (.3^ ) (.213) 
.02 .01 .lio .05 
.923 #.32$ .363 2^#2 i 321,898 i$i,m 
(,oW) (lli6.2)9) (103.366) 
.001 .02 .0$ .20 
(.1013) (.#% 
-2,liW d. .989 
(13.271) (,oW) (72.91)0) 
11,5, .001 H.S. 
(.012!}) 
1 
.9% .372 d. 3%.!% 100.036 
(.OW) (ig.$%) (1$.$80) (l$lt.Q03) (129,3lt6) (n8.739) 
.001 .20 .02 • .05 M.S. iS. 
(-.100$) 
^.-denotes dependent variable; l!,S.-not significant efc the 1(0 percmt level, 
degression coefficient. 
"standard error. 
^Level of significance. 
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In equation 51»7 we reformulate equation $1.6 by substi­
tuting the lagged beef-feed ratio Xg for the current beef-feed 
ratio Xip. This leads to a substantial improvement since both 
variable Xg and the number of calves marketed have the ex­
pected sign, although neither these variables has a statis­
tically significant effect upon output. An increase of one 
percent in the lagged beef-feed price ratio increases current 
production by .0272 percent. The adjustment in inventory 
numbers, as represented by variable X22» is statistically 
significant. An increase in the number of beef breeding 
cattle sold leads to a decrease in production. Both an in­
crease in the number of beef cattle, not used for breeding, 
and the number of dairy cattle sold, lead to an increase in 
production. 
In equation 51'8 we relate annual beef production to the 
January 1 inventory of all cattle on farms, the lagged price 
received by farmers for all cattle sold X^^, the production 
of hay per animal on hand at January 1, X28» and the lagged 
beef-hog price ratio Xi|g. All variables in this equation have 
the expected sign and all are statistically significant. An 
increase of one percent in the lagged price received by 
farmers for all cattle sold Xj^ increases current beef pro­
duction by .1013 percent. An increase in availability of hay 
per animal on hand increases production. For the North Atlan­
tic States we observed the opposite effect for this variable. 
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An increase of one percent in the lagged beef-hog price ratio 
Xi|.8 increases current production by .0345 percent. The com­
bined price elasticity of the price received by farmers for 
all beef cattle sold in variables and X/^g equals .1500. 
In equation 51.10 we reformulate equation $1.8 such that we 
include the current price for beef cattle X^, and the current 
beef-hog price ratio X^&. Variable X^ however has a wrong 
sign, and hence we would prefer equation 51«8 over equation 
51.10. Equation 51*8 contains only predetermined variables. 
This suggests that a recrusive formulation in beef production 
for the East North Central States is justifiable. 
In equation 51«9 we formulate a lagged adjustment model, 
specifically aimed at detecting the influence of competitive 
enterprises. An increase in the lagged hog-corn ratio X3 
decreases current beef production, but this effect is not 
statistically significant. An increase of one percent in the 
lagged beef-hog price ratio X^i^g increases production by .0124 
percent. The long run elasticity of variable Xij,g equals I.13 
percent, which indicates a substantial degree of flexibility 
between beef production and hog production in the long run. 
Total annual beef production for 
the West North Central States 
Table 52a presents the results obtained in estimating the 
.annual beef production for the West North Central States. 
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Table ^2a, Total annual beef production X^, West North Central States, 1)31 to I960, shoàng regression coefficients ;dih standard errors, levels of significance 
and mean elasticities; data used are actual observations® 
Equa­
tion i Constant Xl X3 X8 % X13 
^7 ^20 %22 1% % ^6 % 
$2.1 ,938 1610.111 26.01(0^ 
M.S.° 
(.0308]® 
-.839 
(,370) 
.0$ 
d. 
.Q$lt .131 I.07I, 
(.096) (,320) (.Hp) 
Î1.3. N.S. .001 
.lt97 
(.%%) 
.20 
1 
$2,2 .537 2013.31$ 4%#9 
(82,$71) 
N.S. 
(-.oia)3) 
-.992 
(.369) 
.œ 
d. ' ,o$o .1® 1,109 
(.idi) (.31$) (.IW) 
M.S. S.S. .001 
'$$$ 
.10 
1 
$2.3 .960 "!j661t,836 .to 
(.02?) 
.001 
,^609 
(1$.300) 
.10 
(.# 
d. $&W8 
(211.908) 
.02 
^%2) 
(293.22l() 
.30 
(.0911) 
$2.1i .#,2% A39 
(.%)) 
.001 
d, -600,$86 
(771.7%) 
!!.S.' 
(-.1088] 1 
*9^3 
(2?$,]^) 
.10 
(.1626) 
(3$6.li98) (3$1,$33) 
.i|0 .W 
(.0$0li) (.0798) 
$2,$ ,9$ll -$1|02.726 .ltlt3 
.001 
d, 
-]23,3l|8 
($02.960) 
M.S. 
(-.0211}) 
06^3 
(232,886) 
.02 
(.1991,) 
380,31)7 311.12$ 
(362,070) (363,9lt2) 
.llO K.S. 
(.0$91) (.O7I1I) 
$2,6 ,962 I693J123 9$.$11 
(26,220) 
.01 
d. ,921) 990,890 
(.Cit2) (271.$02) 
,001 .01 
(.2360) 
®d,-denotes dependent variable; IS,-not significant at the 1|0 percent leirel, 
^Standard error• 
^kvel of significance. 
%ean elasticity. 
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This region accounted for 37«9 percent of United States beef 
production in 1931 to 1935* In the late.thirties this share 
declined to Jk percent and has changed very little since. 
I 
Production increased from ^.4 billion pounds to 9.6 billion 
pounds in the late fifties. The number of dairy cattle sold 
accounted for less than 40 percent of all cattle sold in the 
early thirties. In recent years this figure declined to 
approximately 20 percent. In the period 1950 to i960 more 
than 4o percent of all beef cattle sold were fed cattle. 
A number of different formulations were equally success­
ful in estimating beef production in this region; the coeffi-
cients of multiple determination were satisfactory. In equa­
tion 52.1 we include the current beef-feed price ratio Xy, the 
number of calves sold the adjustment in inventory cattle 
numbers ^22* number of beef cattle sold, X25 and X27; and 
the number of dairy cattle sold X^]_. The coefficient of mul­
tiple determination equals 93.8 percent. An increase of one 
percent in the current beef-feed ratio Xy increases production 
by .0308 percent, but this effect is not statistically sig­
nificant. An increase in the number of calves sold decreases 
current production. No apparent explanation for the negative 
sign of this variable is available. In both equation 52.1 and 
equation 52.2 this effect is highly significant and stable. 
Hence, it cannot very well be attributed to multicollinearity. 
The inventory effect, as represented by variable '-^22* has no 
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significant effect on production, in contrast with the East 
North Central States where this effect is highly significant. 
Sales of non-breeding cattle X27 have a statistically signifi­
cant effect upon production, we note that variable Xgy tends 
to become very significant in regions with a high proportion 
of beef cattle relative to dairy cattle. Conversely, the 
response effect is that dairy cattle tend to be of less im­
portance in an area like the West Worth Central States, as can 
be seen by the level of significance for variable for dif­
ferent regions. 
In equation 52.2 we reformulate equation 52.1 by substi­
tuting the lagged beef-feed ratio Xg for the current beef-feed 
ratio Xy. However, variable Xg is associated with an inappro­
priate sign. Hence we prefer equation 52.1 over equation 
52.2. 
In equation 52.3 we relate annual beef production to the 
January 1 inventory of cattle numbers on hand X^, the lagged 
price received by farmers for all cattle sold X^^, the avail­
ability of forage per animal on hand X28» and the lagged beef-
hog price ratio X^g. All variables in this relationship are 
statistically significant, and the coefficient of multiple 
determination equals 96.0 percent. An increase of one per­
cent in the lagged price of all cattle increases current pro­
duction by .0550 percent. An increase of one percent in for­
age available per animal on hand at January 1, X28, increases 
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production "by .1722 percent. An increase of one percent in 
the lagged beef-hog price ratio increases current produc­
tion by .0911 percent. The combined price elasticity of the 
price received for cattle sold in variables and X43 equals 
.1^50. 
In equation $2.4 we substitute the choice slaughter steer 
stocker-feeder price ratio for the lagged price received by 
farmers for all cattle sold Variable X^^ has an inappro­
priate sign, furthermore this particular price effect is not 
statistically significant. The price effects of the current 
I 
beef-hog price ratio X^^, and the lagged beef-hog price ratio 
Xji^g are significant. The choice slaughter steer/stocker 
feeder ratio is of inappropriate sign. This might indicate 
that the feeder cattle economy must be analyzed separately 
from other sources of beef supply. However, as pointed out 
previously, the limitations on available data make such a 
procedure virtually impossible. In equation 52.5 we substi­
tute variable X20 for variable X^^. Variable X2Q represents 
the ratio of the price of choice slaughter steers in the first 
quarter of year t divided by the price of stocker-feeder steers 
the previous fall. Again we observe an Inappropriate sign for 
this key variable in the feeder enterprise. Mauldon (66) also 
encountered disappointing results with similarly defined vari­
ables for the feeder enterprise. 
In equation 52.6 we formulate a lagged adjustment model. 
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specifically formulated to detect the existence of competitive 
relationships among major livestock enterprises. An increase 
in the lagged hog-corn ratio increases beef production. 
An increase of one percent in the lagged beef-hog price ratio 
increases production by .2360 percent. The long run elas­
ticity of variable equals 3.11, indicating a substantial 
degree of substitutability between beef production and hog 
production in the West North Central States. For forecasting 
purposes we prefer equation 52.3 because of its simplicity In 
formulation. 
Annual beef production in the South Atlantic States 
I 
Equations 52.7 through 52.11 present the results in esti­
mating annual beef production in the South Atlantic States. 
This region accounted for 4.5 percent of United States produc­
tion in the early thirties. A slight increase in this share 
occurred during the period 1951 to i960. In recent years the 
South Atlantic States have accounted for 5*7^ percent of United 
States beef production. Production increased from .6 billion 
pounds in the early thirties to 1.6 billion pounds in the late 
fifties. This region until 195^ marketed approximately an 
equal number of both dairy and beef cattle, but the latter have 
become more important in recent years. A number of different 
formulations were equally successful. The coefficients of 
multiple determination were generally quite satisfactory. 
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Table S2b. Total annual beef production X^y, South Atlantic States, 1931 to I960, sharing regression coefficients wiih stariard errors, levels of significance 
and mean elasticities; data used are actual observations^ 
Equa­
tion r Constant k %3 4 ^8 %3 %7 I22 ^26 hi ^8 h % %lt6 ^1,8 
J# -2lt9.$31 $$.761^ 
.02'^ 
(.2lt3l)® 
(.186) 
.01 
d. 
(.127) (i|2l() (.2 38) 
.01 .1|0 .001 
:lliO 
(.3OW 
If.S. 
$2,8 .9% -267.96? 
(21, 
.001 
(.3511) 
.l|02 
MM) 
.05 
d. 
(.099) (j,37) (.2U) 
.001 ,% .001 
-.l^ll 
(.270) 
K.S. 
#J|81 .31$ 
(.017) 
,001 
12.313 
.03 
7,!Wl 
(&#W 
.20 
(.0918) 
d. 
-30,991 
(7I.6I16) 
:.s, 
251.018 
(8lt,955) 
.01 
(.2191) 
-3.885 
(87.05lt) 
H.S, 
(-.0027) 
$2,10 .971 -7^6.602 .303 
(.019) 
.001 
11.$82 
(8.0W 
.20 
".37l( 
(3.D2) 
U.S. 
(-.0101) 
d. 
d. 
-A.928 
(75,991) 
I(.5. 
.917 
(.OliW 
.001 
II1I.692 
(83.951) 
.20 
(.1215) 
166.582 
(69.717) 
.05 
^d,-denotes dependent variable; Il.S.-not significant at the 1|0 percent level, 
degression coefficient, 
"Standard error, 
"^Level of significance. 
%ean elasticily. 
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In equation 52•? an increase of one percent in the cur­
rent beef-feed price ratio Xy increases production by .2431 
percent. An increase in the number of calves marketed X^q 
increases production. This effect is statistically signifi­
cant. An increase in cattle numbers on hand between years is 
significantly related to beef production. Both beef-breeding 
cattle sold X25 and non beef-breeding cattle sold have the ex­
pected sign. An increase in dairy cattle marketed appears 
to decrease production, this effect however is not statistical­
ly significant. , 
In equation 52.8 we substitute the lagged beef-feed ratio 
Xg for the current beef-feed ratio Xy. An increase of one 
percent in variable Xg increases production by .3511 percent. 
We notice that the coefficient of multiple determination in­
creases to 95*1 percent. All variables, except the number of 
dairy cattle sold, have statistically significant effects. 
Equation 52.8 would suggest that the lagged beef-feed price 
ratio is more important as a determinant of current production 
than the current beef-feed price ratio. 
In equation 52.9 we relate annual beef production to the 
number of cattle on hand at January 1, X]_, the current price 
received by farmers for cattle sold X^, the lagged price re­
ceived by farmers for cattle sold X^^, the availability of hay 
per animal on hand at January 1, the current beef-hog price 
ratio Xij,^ and the lagged beef-hog price ratio X^g. The coeffi-
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oient of multiple determination equals 98.0 percent. An in­
crease lof one percent in the current price received for cattle 
sold increases production by .1525 percent. An increase 
of one percent in the lagged price for cattle sold in­
creases production by .0918 percent. Both variable X^ and X^^ 
have statistically significant effects. An increase in forage 
availability per animal on hand decreases current beef produc­
tion. A similar effect was observed for the North Atlantic 
States. Variable X28 incorporates harvested hay in the numer­
ator. Hence in years of decreasing cattle numbers the har­
vested tonnage will increase due to increased availability of 
I 
forage for harvesting purposes. Breimyer (11) advanced the 
hypothesis that years of abundant forage were also years of 
low quality forage. Whereas this factor may have some im­
portance in dairy production, it does not appear to be rele­
vant in beef production since beef animals generally are fed 
low quality roughage. An increase of one percent in the cur­
rent beef-hog price ratio X/^^ increases production by .2191 
percent. An increase of one percent in the lagged beef-hog 
price ratio X/^g decreases production by .002? percent. Vari­
able X45 has a statistically significant effect, but not vari­
able X^g. Equation 52.9 suggests that for the South Atlantic 
States the current price response effect is more important 
than the lagged price response effect, in contrast with the 
regions discussed hitherto. The combined elasticity of the 
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price received by farmers for cattle sold in variables X^, 
%3» ^46 ^^4-8 equals .4631. 
In equation 52.11 we formulate a lagged adjustment model. 
An increase in the lagged annual hog-corn ratio X.j increases 
production. This effect is statistically significant at the 
twenty percent level. An increase in the lagged beef-hog 
price ratio Xi^ q increases production by .1429 percent. This 
effect is statistically significant. The long run elasticity 
of variable Xif.Q equals 2.69 percent, which indicates that in 
the long run a substantial substitutability between the hog 
enterprise and beef enterprise exists. It should be observed 
however, that the adjustment coefficient is small, indicating 
that with rapidly changing economic conditions such substi­
tutability will be unobservable. 
Annual beef production in the South Central States 
Equations 53»! through 53*7 present the results obtained 
in estimating beef production for the South Central States 
for the period 1931 to i960. This region accounted for I9.7 
percent of United States beef production in the early thir­
ties, but this share increased to 22.3 percent prior to 1945» 
Production increased from 2.8 billion pounds in the early 
' thirties to 6.2 billion pounds in the late fifties. Beef 
cattle have traditionally constituted more than two-thirds of 
all cattle sales in this region. Adequate statistics on cat-
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Table lotû anmal beef production X]^y, South Central States, IJl to 1J60, showing regression coefficients with standard errors, levels of significance 
and mean elasticities; data used are actual observations® 
Equa-
tion R Constant îi I3 Ij h % % % % X20 X22 %26 kj ^8 % ^32 % 
$3.1 .9li2 •261}.52J 220.037b 
(1,6# 
.OOld 
(.2671)6 
.77$ 
(.118) 
.001 
d. JM 4% 
(.##(.3%)^%# 
.W1 && ,Œ 
".$13 
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,0$ 
26l|,897 .721 
($2.6$1) (.118) 
.001 .001 
(.:$$) 
d. JW 
(.081) (.338) (.22$) 
,0  ^ .0 
-.130 
(.230) 
.10 
$3,3 .933-lt$22.6lt$ ,3% 
(.039) 
.001 
If .208 
(32.881) 
.30 
(a#) 
(3lt.376) 
(.151I1) 
d. 680.3^8 
(6$),933) 
.1(0 
817,021 #,090 
(K!8,738) (1*78.760) 
,10 ,1)0 
(.16$0) (- .0878) 
$3.lt ,92lt#,903 .376 
(.038) 
.001 
l|J.61i7 
(17.697) 
.02 
d. 
(602,969) 
.30 
$]J)1$ 
(1(02.181I) 
«.S, 
(.0100) 
.%3 
(.039) 
.001 
1 
d. -1860,512 
.0$ 
(-49 ) 
4189,20$ 
(867.39W 
,30 
W&%9 i#4% 
(l,$3.86$) (Iil3.089) 
.30 If.3. 
(.097$) (.02$0) 
$3.6 .922 .3631,229 .1(20 
(.M2) 
.001 
d. "6$ .313 
($$0.901) 
.30 
(-.1821) 
4&K$ 
(778,819) 
iS, 
(IAJ{07) (ltlt$.967) 
i20 Ctùt 
(.#) (.032li) 
$3.7 .983 "698.0$1 63.03lt 
(18.$67) 
.01 
d. .910 , ' 602.170 
(.033) (1$8,036) 
.001 ,001 
(.1193) 
^d,-denotes dependent variable; U.S.-not significant at the 1|0 percent level, 
^Regression coefficient. 
standard error. 
'^Level of significance. 
%an elasticity. • 
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tie fed in this region are lacking, but it is probably in­
creasing rapidly. A-number of different models were formu­
lated, some of which were quite successful. 
In equation 53*1 an increase of one percent in the cur­
rent beef-feed ratio Xy increases production by .2671 percent. 
This price effect is highly significant. An increase in the 
number of calves marketed X^O increases production, as is true 
for the inventory adjustment variable X22 and the number of 
beef cattle sold (X22 + ^ 26^ observe that an increase in 
the number of dairy cattle sold decreases production. This 
effect is statistically significant. From results for pre­
vious regions we observe that the minor cattle sales component 
for each region generally tends to have a negative sign, even 
though such effects are statistically significant. 
In equation 53«2 we reformulate equation 53•! by substi­
tuting the lagged beef-feed price ratio Xg for the current 
beef-feed price ratio Xy. The coefficient of multiple deter­
mination equals 9^.6 percent. An increase of one percent in 
the lagged beef-feed ratio Xg increases production by .3155 
percent. This effect is statistically highly significant. 
All other results in equation 53*2 are essentially comparable, 
to those in equation 53«l» 
'in equation 53«3 we relate annual production to the total 
number of cattle on hand at January 1, X^, the current price 
received by farmers for cattle sold X^, the lagged price 
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received by farmers for cattle sold the availability of 
hay per animal on hand X28» the current beef-hog price ratio 
X45 and the lagged beef-hog price ratio . All variables 
in this equation are statistically significant, and all but 
variable Xz^g have the expected sign. In equation 53*^ we 
reformulate equation 53«3 such that only lagged price vari­
ables are included. This does not substantially affect the 
coefficient of multiple determination. All variables in equa­
tion 53*^ have the correct sign. An increase of one percent 
in the lagged price received by farmers for all cattle sold 
X^^ increases production by .1229 percent. An increase in 
production of hay per animal on hand X28 increases beef pro­
duction. An increase oi" one percent in the lagged beef-hog 
price ratio Xii^g increases production by .0100 percent. This 
effect is not statistically significant. When compared to 
equation 53*3 it is evident that variable X/^g should have been 
omitted, and variable Xi},^ should have been retained instead. 
The combined price elasticity for the price received for all 
cattle sold in variables X^^ and X2j,g equals .1331" Equation 
53*^ suggests that a recursive relationship would perform 
adequately in estimating production in the South Central 
States, however, the evidence of joint dependence as demon­
strated in equation 53-3 makes this choice less definitive 
than might be desirable. , 
In equation 53*7 we formulate a simple lagged adjustment 
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model. An increase in the lagged annual hog-corn ratio 
increases beef production. Similar results hold for all pre­
vious regions, which demonstrates that in the short run hog 
production and beef production tend to be complementary. An 
increase of one percent in the lagged beef-hog price ratio 
Xij,8 tends to increase production by .1193 percent. This 
effect is highly significant. The long run elasticity of 
variable X^s equals I.32 percent, indicating a fair degree of 
substitutability between beef production and hog production in 
the South Central States. In the short run however, the com­
plementary effect induced by X^ may well outweigh the substi­
tution effect represented by variable X^g. 
In equations 53«5 and 53.6 we include two variations of 
I 
a choice slaughter/stocker-feeder steer price ratio as inde­
pendent variables. From equation 53-5 oan be seen that the 
current choice slaughter steer/stocker feeder ratio X^^ has an 
inappropriate sign. A reformulation of this ratio, as in 
variable X20» results in no improvement. Hence for practical 
purposes we do not recommend the use of either of the above 
two equations. 
Annual beef production for the Western States 
Equations 53*8 through 53-1^ present the results obtained 
[ 
in estimating annual beef production for the Western States. 
In the early thirties this region accounted for I6.9 percent 
Table %, Total annual beef production Western States, 1931 i» 1960, shrâig regression coefficients with standard errors, levels of significance 
and mean elasticities; data usea are actual observations® 
Equa­
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^d,-denotes dependent variable; &S,-not significant at the liO percent level. 
standard error. 
dfevel of significance, 
%ean elasticity. 
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of United States beef production; in successive years this 
share gradually increased to 18.97 percent. Production in­
creased from 2.4 billion pounds in the early thirties to 5*2 
billion pounds in the late fifties. In this region sales from 
dairy cattle have been of minor importance, except in the 
Pacific states. This region is becoming increasingly impor­
tant as a production center for fed beef, but traditionally 
stocker-feeder operations were the prominent cattle enterprise 
in this region. À number of different formulations gave satis­
factory results in estimating annual beef production. 
In equation 53*8 an increase of one percent in the cur­
rent beef-feed price ratio Xy increases current production by 
.1908 percent. This effect is highly significant. An in­
crease in the number of calves marketed increases produc­
tion. The adjustment In inventory cattle numbers X22 has the 
expected relation to production. An increase in non-beef 
breeding cattle sold decreases current production, which con­
tradicts expectations. Since we observe a similar negative 
effect in equation 53*9» it would appear that variables X25 
and X27 must be interrelated. The instability of the coeffi­
cients then results from multicollinearity between variables 
X26 and ^27' is quite conceivable that in estimating the 
number of beef cattle sold, the components X25 and X2y are not 
estimated separately, but in fact arrived at under the condi­
tion that their sum equal a predetermined estimate. For pre­
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dictive purposes equations 53*8 and 53«9 may serve as well as 
mother equations, but no structural interpretation should be 
given to the coefficients that appear with variables X26 and 
2^7 • • 
In equation 53-10 we relate annual beef production to the 
number of cattle on hand at January 1, the lagged price 
received by farmers for all cattle sold the availability 
of hay per animal on hand X28 and the lagged beef-hog price 
ratio X2|,g. The coefficient of multiple determination equals 
97:6 percent. All variables, except X2(,g, are statistically 
significant. All variables have the correct sign. An increase 
of one percent in the lagged price received for all cattle 
sold X23 increases production by .1368 percent- An increase 
in hay harvested per animal on hand increases current beef 
production. An increase of one percent in the lagged beef-
hog price ratio X/^g increases current production by .0199 per­
cent. The combined price elasticity of the price received by 
farmers for all cattle sold in equation 53*10 for variables 
X]_3 and X48 equals .1570. 
Equation 53*14 is a reformulation of equation 53*10. We 
include, in addition to lagged price variables, a number of 
corresponding current price variables. The coefficient of 
multiple determination increases to 98.1 percent. An increase 
of one percent in the current price received by farmers for 
all cattle sold increases production by .0797 percent. An 
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increase of one percent in the lagged price for cattle sold 
increases production by .0^16 percent. Comparing these re­
sults with equation 53*10 we observe that the "loading" be­
tween the current and lagged price effect is arbitrary. How­
ever for the current beef-hog price ratio and the lagged 
beef-hog price ratio Xi}.8 we obtain substantially larger elas­
ticities than in equation 53*10. The combined price elas­
ticity for the price received by farmers for all cattle sold 
in equation 53for variables X^, X^^, X^g and X2^,g equals 
.2004. The choice between a recursively determined relation­
ship as in equation 53«lO, and a jointly dependent relation­
ship, as in equation 53*1^» is not clear cut. However the 
preponderance of evidence would suggest that equation 53*1^ be 
given preference. 
Equation 53*13 formulates a simple lagged adjustment 
model, which is quite successful in terms of the coefficient 
of multiple determination. An increase in the lagged hog-corn 
ratio increases current production. This represents a short 
run effect and is statistically significant. Similar results 
were obtained for previous regions. An increase of one per­
cent in the lagged beef-hog ratio increases production by 
.1148 percent. This effect is statistically significant. The 
long run price elasticity for variable X/j,g equals 2.80 per­
cent. Due to the low adjustment coefficient in this substi­
tution process, it is evident that with substantial annual 
402 
fluctuations In variable X^g, no actual substitution between 
hogs and beef cattle will be observable. 
Equations 53*11 and 53*12 include two variations of the 
choice slaughter steer/stocker-feeder price ratio as inde­
pendent price variables. Both variable and variable X20 
have signs which are contradictory with expectations. Sim­
ilarly disappointing results with these variables were found 
for the South Central States and West North Central States. 
Annual beef production for subgroup A 
Equations 5^.1 through 5^.4 estimate annual beef produc­
tion for subgroup A. This group of states includes Ohio, 
Indiana, Illinois, Iowa and Missouri. Beef production in this 
group of states equalled 44.7 percent of total production in 
the North Central States for the period 1931 to 1935* This 
share remained virtually constant throughout the succeeding 
decades. For the period 195^ to i960 subgroup A accounted 
for 46.0 percent of all beef production in the North Central 
States. Production increased from. 3*4 billion pounds in the 
early thirties to 6.2 billion pounds in the late fifties. 
Beef cattle sales are more important than dairy cattle sales 
in this group of states. A number of different formulations 
estimated beef production satisfactorily. 
In equation 54.1 we relate beef production to the current 
beef-feed price ratio Xy, the number of calves sold X^g, the 
ii03 
Table, Total amal beeî production by sub-repons, 1931 to I960, shewing regression coefficients àth standard errors, levels of sigmfioance 
and Man elasticities; data usea are actual observations^ 
Eqaa- • 
tion Region E Constant Ig I] %g Xy Xy X22 Xj^ Xj^ % Xj^g 
A.1 Subgroup A .m 110,080^ -1.379 d. .2]} .1,31) .581 .566 
(MJWP ^#1) (,0&) (JA) (dW (.1%) 
,0P .001 .01 .01 .001 .001 
(.%%%* 
&.2 Subgrmpi .956 2181,660 13.10? -.ylfl d. .331 ,%3 .580 ,$1 
(37.618) (.23lt) (.110) (.196) (.0?5) (.17?) 
K.S. .01 .01 .01 .001 .01 
51(.3 Subgroup A .978 .333ll408 ,1^51 -30.719 31.181 d. 210.513 210.089 133,W 
(.022) (li.358) (]li.w (lli5.377) (17W$) (l7li.oli6) 
.001 .05 .05 .20 .30 iI.S. 
(.OWO (.#09) 
51t,lt Subgroup i ,973 -311(7.71(6 ,1(1(8 5,355 d. 
.001 K.S. 
^mW) 
55.5 Subgroup B .866 •l6,36!i 65.08? .015 d. .% -.172) .712 .931 
(2I1.192) (.199) (.129) (1.081) (.31(9) (.237) 
.02 U, .001 13, .10 .001 
SWgmgB .WO & ,2^ ,%8 J# 
(26.lfl) (.m) (,]lt5) (1.059) (,33lt) (2lt,620) 
.01 H.S. .01 
(.2778) 
55.7 Subgroup B ,920 -1686,018 . 326 4.3)8 32.^2 d. ll|?.]12 199.130 
(.OltO) (10.920) (11.336) (78.1(20) (152.185) (155.91(0) 
.001 .20 .02 .10 .30 iS. 
(.1%^  (.1 
®d.-denotes dependent variable; K.S.-not signifient at the liO percent levd. 
^Regression coefficient, 
standard error. 
%ean elasticity. 
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lâble 3|. (Continued) 
Equa­
tion Bfigion r Constant Xj ïj Xg X^o X^j X%j Xgg % Ig Iji X||6 
0.8 Subgroup B ,912 -1?3?.1(2? ,312 
(.039) 
.001 
($.352) 
.001 
(.1227) 
d. 
1 
]i(5.368 
(77.292)' 
.10 
.192,k 
(I33.li5l) 
.20 
(.081,8) 
1 
0.) Subgroup C ,852 •\W 108.539 
(38.%) 
,01 
0.767 
(.76?) 
.1(0 
d. ,113 l,061i 
(.115) (.1(53) 
n,s,' ,05 
.?65 
(.232) 
.01 
.W(9 
(.l|62) 
U.S. 
55.10 Subgroup C .816 -2,289 80,575 
(58.876) 
.20 
(.2103) 
-1,]33 
(.830) 
.20 
d. -.031 1.10] 
(.161) (.506) 
Ï.S. .05 
.809 
(.270) 
.01 
.1(97 ! 
(.515) 
H.S. 
55,11 Subgroup G ,922 -1602,065 ,3ll5 -22.631 
(.Olil) (25.1(32) 
,001 H,S, 
(-.0930) 
52.:A 
(25.853) 
.10 
^0%) 
d. 
(167.055) 
.05 
282,050 
(Z!8,232) 
.W 
(,082%) 
"1(1(1(,595 
(288,23lt) 
,20 
(-,1383) f i ,3ia 
(.01(0) 
,001 
35.688 
(13.311) 
.02 
d, %%% 
(151,730) 
.05 
1 
"253,098 
(235.9lt6) 
.30 
(-.078?) 
I 
I 
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inventory adjustment in cattle numbers X22* the number of beef 
cattle sold (X26 ^27^» the number of dairy cattle sold 
X^i" The coefficient of multiple determination equals 97*0 
percent. An increase of one percent in the current beef-feed 
price ratio increases current production by .2635 percent. 
This effect is statistically highly significant. An increase 
in the number of calves sold decreases beef production. De­
pending on the seasonal pattern of calf marketings the nega-
I 
tive sign of this variable may be related to the average mar­
ket weight of the calves marketed. This effect is statis-
I 
tically highly significant, and the negative sign must there­
fore be justifiable on economic grounds. An increase in cat­
tle numbers between successive inventory dates increases pro­
duction. Similar relationships hold for beef cattle market­
ings (^ 26 2^7^ * and the sales of dairy cattle X^ j.* of 
the foregoing variables are statistically highly significant. 
In equation ^4.2 we substitute the lagged beef-feed ratio 
Xg for the current beef-feed ratio Xy. This substitution is 
not successful, since the coefficient of multiple determina­
tion declines to 95*6 percent. The lagged elasticity for vari­
able Xg is small and statistically not significant. Hence 
equation ^4.1 is to be preferred over equation 5^.2. In equa­
tion 54.3 we relate annual beef production to the number of 
all cattle sold X^, the lagged price received by farmers for 
all cattle sold X]_^, the availability of forage per animal on 
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hand X28» the current beef-hog price ratio Xi|,g and the lagged 
beef-hog price ratio The coefficient of multiple deter­
mination equals 67.8 percent. All variables, except variable 
Xij,8, are statistically significant. The coefficient of the 
current price received for beef cattle sold X^ has an inappro­
priate sign. Hence we reformulate equation and obtain 
equation ^4.4 which contains only lagged price variables. An 
increase of one percent in the lagged price received for all 
beef cattle sold increases current production by .0168 per­
cent. This effect is not statistically significant. An in­
crease of one percent in the lagged beef-hog price ratio X^q 
increases current production by .0778 percent. The combined 
I 
price elasticity of the price received by farmers for all beef 
cattle sold in equation 54.4 for variables and X^i^g equals 
.1102. 
Annual beef production for subgroup B 
Equations 5^*5 through summarize the results ob­
tained in estimating annual beef production for subgroup B. 
This group of states includes Michigan, Wisconsin and Minne­
sota. In the early thirties 20.5 percent of North Central 
States beef production originated in this area. In the late 
fifties this share had declined to I9.2 percent. Production 
Increased from 1.6 billion pounds in 1931 to 1935 to approxi­
mately 2.6 billion pounds in the late fitles. This area 
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markets a majority of dairy cattle rather than beef cattle. 
In equation 5^.5 an increase of one percent in the current 
beef-feed price ratio X-p increases production by .21^4 per­
cent. An increase in the number of calves marketed increases 
beef production, but this effect is not statistically signifi-
I 
cant. The inventory adjustment variable X22 has a significant 
effect on production. The combined effect of beef cattle 
sales increases beef production, but due to the unimportance 
of this component in subgroup B, its effect borders on 
statistical Insignificance. The production response to dairy 
cattle sales is highly significant, due to the preponderance 
of dairy cattle on this area. In equation 5^.6 we substitute 
the lagged beef-feed price ratio Xg for the current beef-feed 
ratio Xy. The coefficient of multiple determination equals 
87.9 percent. A one percent increase in the lagged beef-feed 
ratio increases production by .2778 percent. This effect is 
statistically significant and somewhat larger than in equation 
54.5. The results for the other variables in equation 5^ .6 
are essentially comparable to those found in equation 54.5* 
In equation j4.8 we relate current production to the 
number of cattle on farms X^, the lagged price received by 
farmers for all cattle sold X^^, the availability of forage 
per animal on hand X2g, and the lagged beef-hog price ratio 
Xij,8« All variables in this equation have the correct sign 
i 
and are statistically significant. The coefficient of mul­
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tiple determination equals 91.2 percent. A one percent in­
crease in the lagged price of beef cattle sold increases 
production by .122? percent. An increase in forage availabil­
ity per animal on hand increases beef production. An increase 
of one percent in the lagged beef-hog price ratio X^j^g increases 
current production by .0848 percent. The combined price elas­
ticity of the price of all cattle sold in equation ^ 4.8 for 
variables and X^g equals .2317* For forecasting purposes 
preference should be given to equation ^4.8. 
Annual beef production for subgroup C 
Equations 5^«9 through 5^*12 summarize the estimates of 
annual production for subgroup C for the period 1931 to I96O. 
Subgroup C includes North Dakota, South Dakota, Kansas and 
Nebraska. This group of states accounted for 32.5 percent of 
North Central States beef production in the early thirties, 
in succeeding years this share gradually increased to 34.? 
percent. Production increased from 2.5 billion pounds in the 
early thirties to 4.7 billion pounds in the late fifties. 
Almost all cattle sold in this group are classified as beef 
cattle. 
In equation 5^*9 & one percent increase in the current 
beef-feed price ratio increases production by .2866 percent. 
This effect is statistically significant. An increase in the 
number of calves sold tends to decrease production, although 
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this effect "borders on statistical insignificance. It can be 
observed that sales of dairy cattle are positively related 
to production, but due to the minor importance of this compo­
nent, its effect is not statistically significant. 
In equation 54.10 we substitute the lagged beef-feed 
ratio Xg for the current beef-feed ratio X-p. The coefficient 
of multiple determination declines sharply. There is good 
reason therefore to prefer equation 54.9 over equation 54.10. 
In equation 54.12 we relate beef production to the number 
of cattle on hand X^, the lagged price received by farmers 
for all cattle sold X^^, the availability of forage per animal 
on hand X28 and the lagged beef-hog price ratio X^g. All 
variables are statistically significant. The coefficient of 
multiple determination equals 91•7 percent. An increase of 
one percent in the lagged price of beef cattle X^^^ increases 
production by .1421 percent. An increase in forage availabil­
ity per animal on hand increases production. An increase of 
one percent in the lagged beef-hog price ratio X2j,g decreases 
production by .0787 percent. When comparing this result with 
equation 5^.11 it would appear that substitution of the cur­
rent beef-hog price ratio X45 for the lagged beef-hog price 
ratio Xjf^g would likely result in a sign reversal. The com­
bined price elasticity in equation 54.12 is not computed be­
cause of the unacceptable result for variable Xi^g. 
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Summary 
Annual production of beef in the United States expanded 
from 14.2 billion pounds liveweight in the early thirties to 
27.6 billion pounds in the late fifties. The regional re­
allocation of production was small compared to the total growth 
in production for each region. A four equation model of the 
beef cattle industry was estimated for the United States, six 
major regions and three subregions of the North Central States. 
Total production of beef was estimated quite successfully for 
all regions. However, some of the sold cattle categories 
could not be estimated without considerable error. It was not 
possible to obtain satisfactory recursive relationships which 
resulted in a joint interdependence of the variables in all 
relationships. Table 55 presents a regional comparison of 
short run price elasticities in beef production. The elas­
ticity of the current beef-feed ratio equals .2291 for the 
United States. We observe a much lower elasticity for both 
the East North Central States and West North Central States. 
However if we region the North Central States into subgroups 
A, B and C no statistically different elasticity exists with 
respect to the United States' price elasticity of the current 
beef-feed ratio. This observation also applies to the remain­
ing four geographic regions included in this study. The price 
elasticity of the lagged beef-feed ratio is generally not 
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Table 55. A regional comparison of short run price elasticities in beef protelion, 1931 to 1%0 
Variable 
Mted 
States 
North 
Atlantic 
States 
East Horth 
Central 
States 
West Norîi 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States Subgroup A Subgroup B Subgroup 0 
The current beef-
feed ratio 
.2291 
(.05??)^ (.0800) 
,0308 
(.0758] 
,2lt3l 
(.09ia) 
JMl 
(.0567) 
,W 
(.06^2) 
.2635 
(.0792) 
.2I3I1 ,2868 
(.1013) 
The lagged beef-
feed ratio 'N.A.^ 
.235II .0272 
(.072&) 
-.01$ 
(.0958) 
.35n 
(.0937) 
.3155 .1% 
(.0737) WX&) 
.2776 .2103 
The lagged price 
for all cattle sold % 
.0165 
(.029!t) 
.Hi .1013 
(.0)67) 
,0550 
(.OA) 
-.0101 
(.Qki) 
.1229 
(.Oli66) 
,1368 
(.095) 
1 .0168 
(.0223) 
.1227 
i.OjOO) 
..ll|2l 
(.$%) 
The lagged beef-
hog price ratio % 
.053lt .OljO? 
(.0678) (.Œ36) 
.0911 
(.0698) 
.1215 
(.0120) 
.0100 
(.0798) 
.0199 
(.OltS?) 
,0778 
(.03(8) 
.081(8 
(dW) 
-.0787 
(.O7I13) 
CoÉined response 
effect of (Ï13 + ,12)5 .1510 .1500 .1127 .1331 .1558 .1102 .2317 
^Figures in parentheses are standard errors of elasticity, 
^.A.-not available. 
I 
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statistically different from the price elasticity of the cur­
rent "beef-feed ratio for a particular region. However, 
statistically significant differences between regions with 
respect to this variable exist. The lag distribution would 
indicate that the current and lagged response effect of the 
beef-feed ratio tend to be of equal importance for most 
regions. 
The price elasticity for the lagged price all cattle sold 
is largest for subgroup C with .1421 and smallest for subgroup 
A with .0168. The price elasticity of this variable for the 
United States equals .0765* The standard errors of the 
elasticities are quite small and statistically significant 
differences between regions exist. 
The price elasticity for the lagged beef-hog price ratio 
i 
is largest for the South Atlantic States with .1215 and 
smallest for the South Central States with .0100. No statis­
tically significant differences between regions exist with 
respect to the lagged beef-hog price ratio. If we combine 
the price response effects of the lagged price of all cattle 
sold and the lagged beef-hog price ratio then it is apparent 
that regional differences tend to become smaller. The com­
bined response effect is largest for subgroup B with .231? 
and smallest for the South Atlantic States with .112?. For 
the United States this elasticity equals .1295' It would 
appear that no statistically significant differences exist 
I 
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between regions. Hence despite the extreme heterogeneity in 
resource availability and the type of cattle operation by 
regions we find substantially the same total price response 
effect for all regions included in this study. 
The total number of calves marketed and 
the number of beef breeding stock sold 
Table ^6 presents the results, by regions and subregions 
in estimating the number of calves marketed X^O the number 
of beef breeding cattle sold Included in the analysis 
are the following variables: The number of all beef animals 
except calves, on farms January 1, X2; the current annual 
weighted average price received by farmers for all cattle sold 
X^; the average number of milk cows on farms during the cur­
rent year X^q; the total number of dairy and breeding stock 
on farms at January 1, X^^; the current calf-beef price ratio 
X^Qi the maturity ratio for dairy and beef breeding stock X^^* 
the average weighted index of range conditions in fourteen 
Western States X^^* the current beef-hog price ratio X^^. 
In the number of calves marketed, published statistics 
do not distinguish between beef calves and dairy calves. 
Since, however, the latter are marketed at a very much lighter 
weight than beef calves, an element of heterogeneity in 
measurement is introduced which seems to thwart successful 
estimation of calf marketings. For the North Atlantic States 
w 
Tâblô ^6# Tûtâl HUIllbôr of CSlVOS msrkbuuu ww-wnuvvw W* ww* avm a^yj icgiuia, X^JX w i/w, 
coefficients with standard errors, levels of significance and Man elasticities; data used are actual observations® 
Equa- 1 
tion Region r Constant X2 ^5 % % 
56.1 North ,778 -0I18.ÛO5 d. 
Atlantic 
States ' 
56.2 North .^6 -I81|.55u .165 -.361 d. 
Atlantic (.03?) (.6]it) 
States .001 E.S. (".# 
56.3 East North .711 757.685 d. 
Central 
States 
56.1), East North .765 "579.!t7^ .21) -1.3&3 d, 
Central (.03?) (3.053) 
States «001 N.S. 
56.5 West North ,lil|2 1|073.766 d. 
Central 
States 
56.6 West North .550 l|103il21 .051( -3.150 d, 
Central (,067) (21.278) 
States .ItO N.S. 
(-.0270) 
56.7 South .972 336,720 d. 
Atlantic 
States 
9UI .5% J# i 
Atlantic (.023) (5.1t02) 
States .001 N.S. 
(-.0lt75) 
®d."denotes dependent variable; N.S.-not significant at the liO percent level. 
% ^39 % \2 %3 % 
.601 
(,W) 
.001 
336,727!' 
(#j&y 
.Old 
(.2810)® 
-2230.115 
(996.287) 
.05 
-29.385 
(68.827) 
N.S. 
(-.0139) 
.(t6 
(.032) 
.20 
1 
16.11)8 
(19.056) 
N.S. 
(.1)725) 
.568 
(.137) 
.001 
(1063.625) 
N.S. 
(.3W 
-$.1)91 
(19,635) 
.001 
(-1.3723) 
-1)3.151 
(123.086) 
N.S. 
(-.0117) 
.083 
(.067) 
.30 
51.182 
(59.500) 
.W 
(.0133) 
.057 
(.060) 
.1)0 
3%2.# 
(1573.351) 
N.S. 
(.1666) 
-23.078 
(illt.783) 
1(.S. 
(-3.6110) 
-18.01)3 
(11.767) 
.20 
(-.6!|10) 
#.288 
(269J1Q6) 
.01 
(-.1)1)03) 
-.I|25 
(.2^) 
.10 
5.391 
(13.231) 
N.S. 
(.21,93) 
-82l).Ol8 
(1)01.221)) 
.10 
(-.531)1) 
.379 
(.013) 
.001 
-397.039 
(15lt.75l) 
.02 
(-.5217) 
-5.1)79 
(7.971) 
N.S. 
(-.555li) 
-200.132 
(56.715) 
.01 
(-.171)1)) 
.O2I1 
(.235) 
N.S. 
1)3.351) 
(138J,76) 
N.S. 
^Standard error. 
tevel of significance. 
%an elasticity. 
^15 
Me $6. (Contimed] 
Equa-
tion Region Constant 
^2 ^5 h h ^30 Ï35 % 4|2 ^^6 
56.5 South .932 722.01(3 d. .1|6? .17!i5,668 "%.7* -631.606 
Central (4#) (530.176) (1)5,030) (265,l|90) 
States ,001 .01 lf.3. .05 
(-.#) (-,267l|) (-.1761) 
56.10 South .530 2137.2lt5 ,o?5 ù, .261 -1052.1)25 
Central (.050) (18.765) (.206) (It55.6]6) 
States .30 .20 ,30 .05 
(.968) (-.8072) 
56.11 Western .8liO "656,578 d, .265 "%&W5 "10.563 lt,796 -270.1)51) 
States (,01|6) (l|21,80l) (lt?,3]lt) (5.0% (152.816) 
.001 H,S. H.S, .w .10 
(-.1835) (-.l61|2) (-.11)67) 
56.12 Western .Bolt 360.581 ,2k6 0.%2 d. -.718 13.572 -530,171) 
States (.%2) (12.531) (^%) (7.951) (30l|.l)3î) 
.001 S .20 .10 ,10 
56.13 Subgroup A" 
(.180?) (40%) (".3252) 
.617 m,353 # d. .135 -71.871 -1)86.381 
(.13?) (lli51.068) (25.050) (257,71)3) 
.30 .30 ,02 ,10 
&,o%0 (-1,(1(10) I (-.2835) 
56,'lit Subgroup A .535 ll|22.0]J( .13? 2.2l|% d. -.15L -363.592 
(.086) (11,637) (.2!|8) (301.979) 
.20 ii.S. iS. ,30 
(,l%26) (-.35KI) 
56.15 Subgroup B .80? -305.810 d. .661 32lt.375 ^5JG •^9.737 
(.056) (3!1.5;2) (12.083) (126.8)6) 
.001 HiSi .001 Î1.S, 
(.171(7) (-.83 )^ (-.0156) 
56.16 Subgroup B .656 75.128 .186 ,592 d. .,015 -26,237 
(.033) (1,6%) (,0l|0) (l^ .85lt) 
.001 LS. !i.S. l.S, 
^0&) (-.1269) 
56.1? Subgroup C ,65? 151:6,565 d. .05% .58,005 -11.637 -llt,li5S 
(.(65) (118,356) (10.250) (lt.050) 
.001 r!.3. lf.S. ,001 
(-.03]2) (-,1715) (-1.5768 ) 
56.18 Subgroup C ,522 .057 -1.520 d. .,322 5.9% -1(51).361) 
(.058) (]lt,ll0l) (.253) (8.599) (228,21,9) 
.20 H.S. .80 K.3. .10 
(-.0223) (.m ) (-.5116) 
^Ségroup A: Ohio, Indiana, Illinois, Iowa, Mssonrij Subgroup Bi Michigan, fcoonsin, Snnesota; Subgroup Qi Horth Dakota, South Dàota, Mraska, Kansas. 
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and the North Central States the estimate of calves marketed 
was not successful; acceptable results however were obtained 
for the South Atlantic States, the South Central States and 
Western States. 
An increase in the number of dairy and beef breeding on 
farms increases the number of calves marketed. This vari­
able has the correct sign for all regions. But the relatively 
small magnitude of this coefficient for the West North Central 
States and Western States illustrates the extent to which 
these regions depend on the marketings of feeder calves im­
ported from other regions. 
An increase in the calf-beef price ratio i?icreases 
the number of calves sold in regions that have primarily dairy 
cattle or ship in feeder cattle. An increase of one percent 
in the calf-beef price ratio increases production of calves 
by .2810 percent in the North Atlantic States. This effect is 
statistically significant. The corresponding elasticity for 
the East North Central States equals ..3490, but due to a large 
standard error of estimate, this estimate is not statistically 
significant. For the West North Central States, the calf-beef 
price elasticity equals .1666, but this estimate is not 
statistically significant. Subgroup A includes Ohio, Illinois, 
Indiana, Iowa and Missouri. For this group of states we find 
an elasticity of 1.0276 for the calf-beef price ratio. This 
estimate indicates that the supply of calf production is sub­
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stantially responsive to price differentials between the price 
of calves and the price of beef cattle. Subgroup B includes 
Michigan, Wisconsin and Minnesota, each of which is primarily 
a diary state. The elasticity of the calf-beef price ratio 
equals .174?» which is substantially smaller than for states 
I 
with a high proportion of feeder cattle. 
An increase in the calf-beef price ratio Xi},o decreases 
calf production primarily in those areas that have a pre­
dominance of beef cattle. An Increase of one percent in the 
calf-beef price ratio decreases calf production by «5217 
percent in the South Atlantic States. This effect is statis­
tically significant. For the South Central States the elas­
ticity of the calf-beef price ratio equals -.6983. This may 
Indicate that with a given but abnormally small calf crop 
prices will rise due to a relatively predetermined {demand for 
feeder calves, or else that with rising calf prices the cow-
calf operation is being expanded through a retention of this 
year's calf crop. Both developments may also occur simul­
taneously. If this development persists over a number of suc­
cessive years, it is a contributory factor in the generation 
of the beef cycle. An increase of one percent in the calf-
beef price ratio decreases current production of calves 
for the Western States by .1835 percent, but this effect is 
not statistically significant. For subgroup C, which includes 
Kansas, Nebraska, North Dakota and South Dakota, we observe an 
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elasticity of -.0812 for the calf-beef price ratio, but this 
effect is not statistically significant. 
An increase in the ratio of young breeding stock relative 
to old breeding stock tends to decrease current marketings 
of calves. This effect is universally observed for all regions 
but it is not necessarily statistically significant. The con­
sistently negative sign of this variable is indicative of the 
longevity of the adjustment period in cattle production. If 
adjustment could be accomplished within a two year interval 
and if an "equilibrium" maturity ratio existed, then the sign 
of variable X^,2 would be positive. The negative sign for 
variable Xif,2 indicates that when in a given year the propor­
tion of young breeding stock is high relative to older breed­
ing stock, this process will continue in the next year, there­
by leading to an increase in the total number of beef cattle 
on hand. Over a number of successive years cattle numbers 
accumulate toward a peak level. Declining prices initial the 
second phase of the cattle cycle, which consists in a suc­
cessive decumulation of cattle numbers. A more detailed study 
of the maturity ratio of the beef breeding stock could be 
made part of a comprehensive study of the cattle cycle. 
An increase in the current beef-hog price ratio de­
creases current marketings of calves. This effect is uni­
formly observable for all regions, although it is not in all 
instances statistically significant. An increase in the beef-
4-19 
hog price ratio encourages the substitution of the beef enter­
prise for the hog enterprise. Particularly in the West North 
Central States this substitution effect is quite strong. In 
that regiona, hogs and livestock are closely competitive en­
terprises and the elasticity of substitution can be expected 
to be fairly high. A substitution of the beef enterprise for 
the hog enterprise can take place through feeding beef cattle 
rather than hogs, or it can take place through increasing the 
cow-calf operation relative to hog production. The substitu­
tion possibilities in the latter case are quite limited in the 
short run. The low cross price elasticities of variable 
for all regions and subregions but the West North Central 
States and subgroup A, indicate that the substitution process 
between hog production and cattle production takes place 
mostly through expansion or contraction of the cow-calf opera­
tion. The inclusion of the lagged beef-hog price ratio 
might have been advisable, so as to enable the student to 
assess the lag distribution of the adjustment. 
Variable Xj^.^ represents an index of range conditions in 
fourteen Western States. Variations in this index have a non­
linear effect upon the roughage supply and demand balance in 
the sense that a proportionately low index of range conditions 
will result in a more than proportionate scarcity of roughage. 
On the other hand a relatively high value for the index will 
merely indicate the existence of an excess supply of forage 
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which has no proportionate relationship to production of cat­
tle. An increase of one percent in the index of range condi­
tions increases marketings of calves by .2155 percent in the 
South Central States. This effect is statistically signifi­
cant . Since cattle numbers cannot be expanded in the short 
run, a positive coefficient for variable must indicate 
that the current calf crop increases with improved range condi­
tions. Since we deal with marketings of calves in terms of 
pounds liveweight, it is evident that increased range condi­
tions will also result in a somewhat heavier weight of the 
calves marketed. 
For the West North Central States an increase of one per­
cent in the index of range conditions will result in a de­
crease of .6410 percent in calf marketings. The index of 
range conditions has no immediate relationship to the produc­
tion of feed grains and roughage in the West North Central 
States. It is possible however that with an improvement in 
range conditions heavier feeder calves are being shipped into 
the West North Central States. Since calves are classified by 
weight, rather than by age, it is possible that heavier feeder 
calves at the end of the feeding period are being classified 
as beef cattle rather than calves. This would explain how an 
increase in range conditions ultimately results in a decrease 
of calf marketings in the West North Central States. 
The estimation of the number of beef breeding cattle sold 
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is important since this class of livestock determines the 
future capacity of production. It is through this variable 
that the beef cycle is generated. The estimation of this 
variable, except for the Western States, was not successful 
in terms of the coefficients of multiple determination. The 
animal inventory effect represented by variable X2 has the 
expected sign in all regions. It is statistically significant 
in all cases. An increase in the price received by farmers 
for all cattle sold has a positive effect in those areas 
that have predominantly beef cattle, but it has a negative 
effect in those regions that specialize in dairy cattle. This 
would tend to indicate that the distinction between dairy 
cattle and beef cattle is not really exact. Hence for pur­
poses of estimation, it might have been useful to estimate 
the sales of dairy breeding cattle and beef breeding cattle' as 
a single variable. The response elasticities of variable 
are small, except in the South Central States and Western 
States. 
An increase in the number of dairy cows on hand X^q le^ds 
to an increase in the sales of beef breeding cattle, indicat­
ing a degree of immediate substitution between these two live­
stock enterprises. This substitution is smallest in regions 
that have a high proportion of dairy cattle, e.g. the North 
Atlantic States, and conversely the substitution effect is 
large in areas with a high proportion of beef cattle, e.g. the 
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Western States. The substitution effect is statistically sig­
nificant in the majority of relationships presented. 
An increase of one percent in the index of range condi­
tions increases sales of beef breeding cattle by .7099 
percent in the Western States. Since weather variability is 
substantial in this region, ranchers maintain a stocking rate 
that is not immediately responsive to weather conditions. In 
equation $6.12 we obtain a positive coefficient for variable 
which may indicate that older beef breeding cattle are 
sold to be substituted by younger calves which will grow into 
good breeding stock under current favorable range conditions. 
An increase in the beef-hog price ratio generally de­
creases the sales of beef breeding cattle. However, for the 
North Atlantic States and the East North Central States we 
find a strongly positive effect for variable Beef breed­
ing cattle are a minor class of livestock in either of the 
above regions. Hence, the distinction between beef breeding 
cattle and non-beef breeding cattle is not precise. In times 
of favorable prices a proportionately large number of beef 
cattle is sold. The beef breeding herd is supplementary to 
the dairy enterprise in these two regions and can be readily 
replenished through means of dual-purpose dairy cows. The 
effect of the current beef-hog price ratio is generally 
statistically significant. An increase of one percent in the 
beef-hog price ratio in the West North Central States decreases 
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the number of beef breeding cattle sold by .53^1 percent. 
This indicates that in this region a substantial degree of 
competition exists between the beef enterprise in terms of 
a cow-calf operation and hog production. For the South Cen­
tral States an increase of one percent in the current beef-
hog price ratio results in a decrease of .8072 percent of i 
the number of beef breeding cattle sold. The substitution 
elasticity, as indicated through variable equals -.3252 
for the Western States. Prom subgroups A, Band G we observe 
that the dairy states, Mighican, Wisconsin and Minnesota have 
I 
a group elasticity of -.1269 for variable For subgroup 
A, which includes the major feeder cattle states, the elas­
ticity coefficient for variable equals -.3940. For sub­
group C, which includes Nebraska, Kansas, North Dakota and 
South Dakota, we observe an elasticity of O.5116 for variable 
It will be observed that in estimating the number of beef 
breeding cattle sold, the coefficients of multiple determina­
tion tend to be rather low, but most of the included explana­
tory variables have a statistically significant effect. Hence 
we are led to believe that the published data which lead to 
the estimation of the number of beef breeding cattle sold are 
subject to substantial error. 
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The number of non-beef breeding cattle sold 
Table 57 presents the results obtained in estimating the 
. number of beef cattle sold, not used for breeding purposes, by 
regions, for the period 1931 to i960. For regions with a 
large number of beef cattle on hand, the estimated relation­
ships were quite successful. The following variables were 
included in the analysis: the number of all beef animals, 
except calves, on farms at January 1, X2; the annual weighted 
beef-feed price ratio Xy and the lagged form of this variable 
two orthogonal trend variables Xji^, and the produc­
tion of corn, oats, barley and all hay per beef animal on 
hand the average weighted index of range conditions in 
fourteen Western States X2|.^; and the lagged beef-hog price i 
ratio X/j,8. 
The inventory of animals on hand Xg has the expected sign 
in all regions but the North Atlantic States. This effect is 
in all cases statistically significant. The sign of the cur­
rent beef-feed price ratio Xy contradicts expectations in a 
majority of equations. In such cases the price effect of 
variable Xy is not statistically significant. Substituting 
the lagged beef-feed ratio X^^ for the current beef-feed ratio 
Xy results in a negative sign for variable X^^ in all regions 
but the Western States. The standard errors of estimate show 
substantial improvement. An increase in production of feed 
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Table Si, Estimated mber of non-beef breeding oattlfi sold by r^ons, 1931 to 19&), shomng regression coefficients with standard errors, 
levels of significance and mean elasticities; data used are actui observations® 
Equa-
tion Region t Constant X2 X7 ^13 ^7 % % % % X1.8 
5?.l North 
Atlantic 
States 
,|%0 366.3% "JB 
(.IQlt) 
,001 
-2.!j8l^ 
(3.3$2)c 
(-.1571)® 
d. 2,061 
(1.133) 
.10 
-.636 
(1.82$) 
U.S. 
-19,2$lt 
(6.92$) 
.02 
(•1.61i9) 
-.2^ 
(.2lt7) 
N.S. 
(-.0022) 
57.2 feth 
Atlantic 
States 
,$60 306,166 -.216 
(.]22) 
.10 
.2.7$6 d. 
(1,391) 
.10 , 
&W2 
(1.0$8) 
.05 
-3.911 
(2.W) 
.21 
-19.66IJ 
($.9%) 
.01 
(-1.6811) 
.167 
(.311) 
:,s. 
(-.0017) 
$?.3 East North 
Central 
States 
,920 701,3)7 .3)$ 
(.079) 
.001 
-1.0i)li 
(18.978) 
K.S. 
(".0709) 
d. 4.99 
(9.li$Q) 
1.3. 
9.301 
(1$.300) 
lis. 
-l!(7.% 
($.$%% 
.0$ 
(-.li$0$) 
8J% 
(97.K2) 
M.S. 
(.00$1|) 
East forth 
Central 
States 
.93? .$90 
(.097) 
.001 
-21,187 d 
(^WW 
.0$ 
.$33 
(8,369) 
iS. 
-23,697 
(20.310) 
• .30 
4&&$ 
(1 ,^020) 
,0 
(".3lt60) 
28,883 
(83.3$2) 
S.S. 
(.0178) 
West North 
Central 
States 
.li30 
.001 
&#3 
(lt7.1|22) 
1Î.S. 
(.#) 
d. -10.21}$ 
(&j# 
f.S. 
l]l,.$20 
(3$.286) 
.01 
-87.137 
lKH$3) 
.05 
(-.219W 
-1,738 
(18.163) 
il.S. 
(-.02$$) 
-!|B,91$ 
(3lil,8$l) 
U.S. 
$?.6 West North 
Central 
States 
.A2 2961,2% ,$02 
(.081) 
.001 
"26.666 
(28,l|0$) 
.ItO 
(-.0702 
3. -11.792 
(2$.8n) 
M.S. 
(51.110) 
.20 
-79,12! 
(35.6Î6) 
.10 
(-.1992) 
.w 
(17,288) 
Ii.S. 
(.0069) 
89.$l6 
(3lt8.1liO) 
11.S. 
(.0181) 
^d,-denotes dependent variable) K.S.-not significant at the liO percent level. 
^Regression coefficient. 
^Standard error. 
%ev8l of significance. 
%an elasticity. i 
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Tabled], (Contimecl) 
Equa­
tion Region R2 Constant k X7 % ' % % X35 ^36 % % 
57.7 South 
Atlantic 
States 
,8)8 ' 231,831 .071 
(.031) 
.05 
11,285 
(]jt.58it) 
is. 
(.1731) 
d. -I.!|ll5 
(3,8li9) 
U.S. 
1 
29.685 
(5.833) 
.001 
-I1.577 
OWW) 
K.S. 1 
-88.792 
(70,908) 
.30 
(",2679) 
57 .B South 
Atlantic 
States 
II10.072 ,089 
(.038) 
.05 
-.115 
(lt,%) 
(1.8. 
(-.00li7) 
d. "2.3l|8 
(3,721) 
ii.S. 
(7,520) 
.001 
.316 
(7.W) 
U.S. 
Lm#) 
"55,059 
K.S. 
(..1662) 
South 
Central 
States 
.775 .115 
(.058) 
.10 
-10.228 
(53.012) 
N.S. 
(-.0216) 
d. }\M 
(16,731) 
.05 
7L236 
(26,6i|o) 
.02 
4&,%2 
(Md^ 
•liO 
(-,213l|) 
' 
.208,956 
(310,955) 
II.S. 
(-.0720) 
57.10 South 
Central 
States' 
.787 .171 
(.070) 
.05 
"26,687 
(23,32%) 
fi.S. 
(-.%23) 
d. 35.556 
(16,279) 
.05 
1)2,920 
(37,973) 
H.S. 
-78.098 
(69,225) 
.30 
(-.1975) 
52.911 
(370.7II2) 
M.S. 
(.0192) 
57.11 Western 
States 
.9li3 -62.1i09 .361 
(.0(12) 
.001 
(l|2,0^) 
.05 
d. -11.0$ 
(%u&) 
îi.S. 
62.6% 
(19,685) 
.01 
.130.761 
(92.656) 
.20 
(-.3868) 
"2,631 
(9.101) 
N.S. 
(.,0988) 
.139,620 
(200.9W) 
9.8. 
(-.0620) 
57.12 Western 
States 
.931 -587.lt20 ,383 
• (.O7I1) 
,001 
W,%3 
(15.963) 
fi.s. 
(.0662) 
d. 
(13.I1I3) 
.10 
(30.080) 
.10 
-5I1.921 
(95.62) 
H.S. 
(-.1625) 
1.883 
(9,825) 
U.S. 
(.0705) 
-128,Idi 
(27lt.067) 
B.S. 
(",0569) 
I 
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units per animal on hand decreases sales of non-beef breeding 
cattle. This effect is uniformly observable for all regions 
but the Western States. Both variable and variable 
have signs contradicting our initial expectations. The con-
I 
sistency of this phenomenon as observed independently for all 
regions, would lead us to believe that a priori expectations 
in this respect may well be erroneous. It may therefore be 
desirable to let the data decide the nature of the relation­
ships . 
An increase in the lagged beef-hog price ratio re­
sults in a decreased number of non-beef breeding cattle sold. 
This effect is observable for all regions but the East North 
Central States. This effect however is not statistically sig­
nificant. The response elasticities are uniformly small. No 
significant differences in interregional responses exist. 
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SUPPLY RELATIONSHIPS IN MILK PRODUCTION 
The Regional Location and Growth of the Dairy Industry 
Dairy production has traditionally been a major source of 
U.S. farm cash income. In the early thirties the percentage 
share of cash receipts from marketings of dairy products 
accounted for 19 percent of total market receipts. In the 
early post-war years this share had declined to 14.1 percent 
and remained at that level through the fifties. The decrease 
in relative importance of dairy products was lost to an in­
creasing importance of meat animals, yet the shifts have been 
comparatively small. The milk-beef price ratio for the United 
States reached a low in the early post-war years. Since then 
milk prices have recovered very little relative to beef 
prices. This decrease was least in areas with heavy urban­
ization, notably the North Atlantic States. The decrease in 
the South Central States on the other hand, was relatively 
larger than in any other region. Since approximately thirty 
percent of the gross income in dairy farming is derived from 
the sale of cattle and calves, a shift in the relative prices 
of beef and milk cannot be immediately related to expansion 
or contraction of production. Total milk production can be 
thought of as the product between the number of milk cows and 
the production per cow. With respect to total milk production 
for the U.S., we observe a 19 percent increase over the period 
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Table 58- Average annual milk production, by regions, 
1931 to i960 (in million pounds) 
1931 to 1936 to 1941 to 1946 to 1951 to 1956 to 
1935 1940 1945 1950 1955 i960 
North 
Atlantic 16175 I6960 18074 I9OI9 20698 22176 
States (15.72)* (15.95) (15.24) (I6.II) (17-35) (17-84) 
East 
North 
Central 27527 29264 33975 35069 35648 36620 
States (26.75) (27.52) (28.65) (29.71) (29.88) (29.46) 
West 
North 
Central 27705 26922 29499 27062 26160 27177 
States (26.93) (25.32) (24.87) (22.93) (21.93) (21.86) 
South 
Atlantic 6121 6586 7221 8055 8471 9072 
States (5.95) (6.19) (6.09) (6.82) (7.10) (7-30) 
South ' 
Central 14746 l48l4 I610I 15279 14501 13884 
States (14.33) (13.93) (13.58) (12.94) (12.15) (11.17) 
Western 10608 11777 13714 13545 13825 15380 
States (10.31) (11.08) (11.56) (11.48) (11.59) (12.37) 
United 
States 102882 IO6323 118584 118029 119303 124309 
aData in parentheses indicate percentages of U.S. total. 
1931 to i960. This is a modest increase relative to the ex­
pansion in beef production but compares favorably to the some­
what smaller growth in hog production. Regional shifts in 
dairy production have been greater than in beef production, 
I 
^30 
but less than In poultry production. Both the North Atlantic 
States and East North Central States increased their share in 
national production, and in recent years have accounted for 4? 
percent of total production. The West North Central States 
and South Central States decreased in relative importance. In 
the early thirties these two regions accounted for 4l percent, 
but this share declined to 33 percent in recent years. Both 
the South Atlantic States and Western States have increased 
their share in national production, but the gains have been 
moderate. At no time during the past thirty years did any 
region account for more than 30 percent of national produc­
tion. This indicates that dairy production is fairly well 
distributed throughout the United States. The average annual 
production per cow has steadily increased at approximately 100 
pounds per year. Not all regions have shared equally in this 
increase. The Western States had an increase of ,150 pounds 
per year, mainly through the California herds. The South 
Central States on the other hand had the lowest increase of 
50 pounds per year per cow. Traditionally this region has 
had the lowest production per cow. In recent years the pro­
duction per cow in the Western States has been double that in 
the South Central States. Both the North Atlantic States and 
East North Central States have a high production per cow, 
particularly when one takes into consideration that dairy 
herds in these regions tend to raise their own replacements 
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and the predominance of forage in dairy feeding. The West 
North Central States and South Atlantic States have shown 
average increases in productivity, but generally have a lower 
production per cow than other regions while total milk produc­
tion has increased by 19 percent over a thirty year period, 
the average annual number of dairy cows has decreased by 2 2 . k  
percent. The increase in total production has therefore come 
about through an increase in milk production per cow of 
approximately 55 percent. The number of dairy cows tended to 
increase throughout the war years, but in post-war years cow 
numbers declined in all regions. The decline was least in the 
North Atlantic States and Western States, all other regions 
experienced a decline of approximately I50 thousand cows per 
year. 
Dairying has become a specialized industry during the 
last thirty years. This has taken place under widely varying 
conditions of production. In California, dairy farms are so 
specialized as to purchase the major part of the required 
feed. Such operations are large in terms of the number of 
cows per farm. In other areas dairying is a diversified 
enterprise where most of the feed fed is homegrown. In this 
group we still find many small farms. Generally dairy farms 
are found on somewhat unproductive soils with a hilly topo­
graphy. It is primarily a family enterprise. The year to 
year fluctuations in milk production are smaller than in beef 
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production or hog production. The most apparent reason for 
this lies in the inflexibility of the herd size in the short 
run. Farmers are reluctant to purchase replacements from out­
side their own herd and hence a temporarily favorable situ­
ation expresses itself in higher feeding rates rather than an 
additional number of cows. Since the marketing of milk, 
particularly for fluid consumption, is highly organized, 
prices received for milk fluctuate less than the prices of 
other farm products. Since most family farms have nb alterna­
tive use of their labor, the production from year to year 
tends to be stable since a major share of the operating ex­
penses must be imputed to services provided by family farm 
labor. 
Fluid milk has found little competition as a food prod­
uct. Derivative products such as butter and cheese have expe­
rienced considerable competition from oleomargarine and other 
fats and oils. Over the past thirty years the share of fluid 
milk in total milk production has increased to 50 percent. 
Milk used for processing butter has declined by about .9 per-
i 
cent per year, and now utilizes approximately I9 percent of 
total milk production. The use of milk in manufacturing 
cheese and other products has doubled its share over the past 
thirty years. This shift in the use of dairy products has had 
important regional implications. The West North Central 
States traditionally produced milk for butter and manufactur-
I 
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Table 59* Average annual number of milk cows on farms and 
production per cow, by regions, 1931 to I96O 
1931 to 1936 to 1941 to 1946 to 1951 to 1956 to 
1935 1940 1945 1950 1955 i960 
North 
Atlantic 3O83 3110 3160 3134 3097 298O 
States B (5248) (5454) (5721) (6073) (6681) (7434) 
East North 
Central A 5778 5799 6319 6017 5469 4901 
States B (4767) (5046) (5377) (5836) (6520) (7494) 
West North 
Central A 6837 6299 6528 5445 4972 4367 
States B (4056) (4277) (4521) (4976) (5263) (6251) 
South 
Atlantic A 1807 1826 1901 1914 1901 1705 
States B (3393) (3607) (3798) (4210) (4458) (5353) 
South 
Central A 4731 4685 5069 4536 4217 3410 
States B (3135) (3162) (3178) (3372) (3443) (4094) 
Western A 2141 2085 2310 2138 1992 1947 
States B (4951) (5648) (5937) (6342) (6936) (7913) 
United A 24332 23445 25079 22744 21432 18872 ' 
Stages B (4233) (4490) (4686) (5105) (5550) (6559) 
^A; in thousands. 
B; in pounds per cow. 
ing products and this region therefore confronted a declining 
market for its product. 
A surplus of milk has been characteristic of the past 
thirty years. Marketing quotas and a rapid decline in the 
number of dairy farms however have kept surpluses within 
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manageable bounds. Government purchases have been mostly 
restricted to purchases for foreign aid-, school lunch and wel­
fare programs. The number of farms producing milk is rapidly 
decreasing. Milk cows were reported on 68 percent of all 
farms in 1950. In I96O this figure had declined to $6 per­
cent. The number of cows per farm Increased from six in 1950 
to 9*5 in i960. Given the Census definition of a farm, these 
figures actually understate the increasing specialization of 
dairy farms. Specialization was most rapid in areas where 
adequate off-farm employment opportunities were available. 
Adjustment of dairy farms have been slowest in the South 
Central States. Pew dairy farmers can shift to a beef cattle 
operation, since the land base is not broad enough to obtain 
a comparable family income from beef production. Where part-
time farming is possible, beef cattle are often used as a 
supplementary enterprise. Increases in the number of dairy 
farms have been limited to regions which have not tradition­
ally specialized in dairying. Such farms provide a competi­
tive local supply of milk as against a product that must be 
shipped in over several hundred miles. Small dairy herds tend 
to be very capital intensive relative to larger herds, and do 
not offer adequate employment opportunities for available 
family labor. An added factor has been that sanitary regu­
lations have been discriminatory with respect to small opera­
tions since they require capital investment which smaller 
farms cannot ordinarily finance out of savings. Farms with 
50 cows or more now account for 1.1 of all farms and this 
small percentage accounts for 11.3 percent of all milk cows. 
The frequency of the small dairy farms indicates that capital 
requirements for a profitable operation are much less in 
dairying than in beef cattle operations. Most dairy farms are 
owner operated. The nature of the dairy enterprise encourages 
this, since developing a dairy herd through a breeding program 
takes a considerable number of years. Short term tenancy 
arrangements would introduce an element of uncertainty which 
would undermine the long term goals of the dairy enterprise. 
Dairy farms have a substantial source of income in the sale of 
young calves and cull cows. Often up to JO percent of gross 
income is realized in this fashion. Crop sales are a neg­
ligible source of revenue on most dairy farms. Most of the 
forage is home produced and only limited quantities are pur­
chased from other farmers. Concentrates may be partially home 
grown, particularly if soil productivity permits the growing 
of feed grains. High protein supplements are normally pur­
chased to support the herd in the period of flush production. 
Accurate information on inputs used in the dairy enter­
prise are not available. A representative index of the cost 
of dairy production would give considerable weight to family 
labor and capital in real estate, animal inventory and other 
capital. Since most feed is home grown, the cost of feed must 
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be indirectly evaluated through a complex of available re­
sources such as labor and capital. For purposes of this 
study, which is essentially short run, we have included only 
the cost of feed. It is evident that a variety of feeds are 
included in a representative dairy ration. This ration will 
fluctuate substantially between regions and between years. 
Jennings' study (48) serves as a benchmark for the weights of 
I 
the components in the representative ration. This consti­
tutes a set of fixed weights obtained for the feed-year Octo­
ber 1, 1949 to September 10, 1950. From Table 44 can be seen 
that substantial regional differences exist in the composition 
of this ration as between regions. The index has the disad­
vantage that only harvested fe$d grains and forages are in­
cluded, since however a considerable portion of the dairy 
ration is harvested by the animal the index of feed cost tends 
to overstate the actual cost of feed. Concentrates and har­
vested roughage are represented by a weight for the price of 
corn in dollars per bushel and a weight for the price of all 
hay in dollars per ton. The milk-feed price ratio is con­
structed by dividing the price received by farmers for all 
milk sold by the cost of the representative dairy ration. -
Alternatively we could have used changing ration weights over 
successive years. This approach has two disadvantages. The 
actual Inputs used in dairy production are estimated, and 
hence subject to considerable error. Year to year variation 
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in the composition of the ration may therefore originate both 
from estimation error and shifts induced through changing 
relative prices or availability on farms. No regional in­
formation, on a year to year basis, is available on the dis­
tribution of feed inputs used in the dairy industry. Since 
regional differences are substantial we decided to use fixed 
weights for the year 19^9* This permits the construction of 
regionally differentiated milk-feed price ratios. 
Past Research in Milk Supply Response 
Halvorson (40) formulates lagged adjustment models for 
the periods 1927 to 1957 and 1941 to 1957* The independent 
variables are all on a predetermined basis. They include de­
flated farm prices received for milk, beef cattle, hogs and 
two variables relating to the total supply of hay and concen­
trates. The supply elasticities in the post-war years were 
numerically larger than for the period 1927 to 1957» indicat­
ing that milk supply response has become more elastic over 
time. No test of significance for the difference between 
elasticity coefficients for prewar and post-war data was 
applied. The coefficient of adjustment increased with the 
number of variables included in the model, indicating that 
I 
the simple Nerlove models may underestimate the rate of 
adjustment. 
Cochrane (l6) estimates the supply 'response in milk pro-
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Auction from a quarterly model for the period 19^7 to 1956. 
The independent variables include the farm prices received for 
milk, feed costs, cow numbers and production per cow. The 
estimated price elasticity is close to zero, and not statis­
tically significant. It may be observed that the simultaneous 
Inclusion of production per cow and cow numbers in estimating 
milk production is ambiguous, since total milk production must 
approximately equal the product of the above variables. 
Cromarty (18) estimated supply response of milk in the 
context of a comprehensive model for United States agricul­
ture. The model was estimated by L.I.S.E. technique in terms 
of actual observations for the period 1929 to 1953* The pro-
I duction of milk, the farm price of milk, and the price of feed 
I 
grains were considered as jointly determined. The predeter­
mined variables included the number of dairy herd improvement 
. associations, the pasture conditions as a percent of normal, 
and the January 1 inventory of cows and heifers two years old 
and over. The price elasticity for the farm price received by 
farmers equalled .212 which is somewhat higher than Halvor-
son's estimate for the period 192? to 1957* 
Ladd and Winter (6o) estimate the supply of dairy prod­
ucts of Iowa farmers for the period 1926 to 1956. The funda­
mental relation of the model considers milk production as the 
product of the average number of cows on hand and the average 
production per cow. Linear logarithmic relationships are 
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formulated for both components and transformed into a single 
estimated equation with total production as the dependent 
variable. The independent variables include the number of 
farms, the average production per cow, the laggèd moving vari­
ance of deflated gross farm income, the lagged ratio of dairy 
prices to all farm prices received, and to all beef prices 
received, the supply of feed grains, the supply of hay and 
silage and the January 1 inventory of milk cows and heifers. 
The price elasticity for the ratio of lagged dairy prices to 
all farm prices received equalled .062. An identical elas­
ticity was found for the lagged ratio of dairy prices to all 
beef prices received. 
Barker (5) in a regional analysis employed three basic 
forms of the single equation approach: 1) the traditional 
model, 2) the distributed lags model, 3) the irreversible 
supply model. In all three models milk output is considered 
as the dependent variable. Independent variables were intro­
duced in linear logarithmic ratio form. The analyses were 
performed separately for the years 1926 to 1958 and 19^7 to 
1958,under the assumption that prewar and post-war elas­
ticities differed. The hypothesis that the elasticity of 
supply is larger under rising than under falling prices was 
tested by grouping years according to milk-feed price move­
ments. Models were selected to provide as much information 
as possible on short run response to price. Variables used, 
I 
#0 
in addition to simple trend variables were primarily prices of 
competing products and inputs. These varied according to the 
region analyzed. In many instances equations were modified 
to overcome statistical problems and provide meaningful struc­
tural estimates. Emphasis was placed on single equation 
I 
models, although a two equation recursive system was also 
estimated. In the single equation analysis attention was 
given to the problem of distributed lags and the question of 
reversibility. A regional comparison of supply elasticities 
with respect to milk price led to the conclusion that elas­
ticities are highest: 1) where competitive livestock alterna­
tives are strong, 2) where market regulations have increased 
the certainty of price expectations, 3) where the level of 
economic understanding and technological efficiency is high, 
4) under a situation of rising prices and favorable price 
expectations. Where these factors occur in combination the 
short run elasticity may exceed .50. Conversely when none of 
these factors are present the short run elasticity will 
approach zero. 
Empirical studies in milk supply response have concen­
trated on the estimation of; 1) annual milk production, 2) 
the average annual number of cows on farms, 3) the average 
production per cow. Mauldon (66) in his study performed a 
comprehensive analysis of all three variables for the United 
States for the period 1935 to 1959» Various data transforma-
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tlons were used for each model. The equations formulated for 
changed in cow numbers were not successful. Time is the 
dominant variable. Small but consistent price responses were 
observed however. The elasticity of milk cow numbers with 
respect to the feed grain to milk price ratio in the short run 
falls within the range -.03 to -.07. There was some evidence 
for a short run competitive relationship between milk cow 
numbers and disposal for slaughter or beef herds. There was 
also evidence for similar competitive relationship between 
hogs and milk cows, with a response elasticity from -.10 to 
-.18. There was a positive relationship between milk cow 
numbers and the lagged hay to milk ratio. 
Changes in average production per cow were well explained. 
Evidence for the effect current feed prices were inconsistent 
however, although not for lagged prices. The elasticity of 
milk production per cow with respect to the feed grain to milk 
price ratio in the short run falls within the range -.06 to 
-.09 with a smaller response to the lagged form of the same 
variable. The effects of changes in the price of hay led to 
inconsistent results. 
Changes in total milk production were well accounted for. 
Chief among these is the trend variable. Estimates of the 
short run elasticity of supply with respect to the milk-feed 
price ratio range from -.09 to -.10, but this effect is much 
smaller for the lagged form ot the above ratio. The hay to 
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milk price ratio has a positive coefficient. Aggregation of 
all variables into a single all feed to milk price ratio led 
to inconsistent results. 
Supply Belationships for the United States 
Annual milk production and average number 
of pounds of milk per cow. United States 
For purposes of statistical analysis we define the fol­
lowing variables: 
Xi The total number of all cattle on farms, at January 
1, year t, in thousands. 
X2 The number of all beef animals, except calves, on 
farms, at January 1, year t, in thousands. 
Xo The annual weighted hog-corn ratio, year t - 1. The 
price received by farmers per hundred pounds live-
weight of hogs sold divided by the farm price of 
corn in dollars per bushel, weighted by months and 
by states, year t - 1. 
Xif, Total production of hay, in million tons, year t. 
Includes hay from legumes, grains cut green for 
hay, wild hay and all other hay. 
Annual weighted average price received by farmers 
for all cattle sold (excluding calves), in current 
dollars per hundred pounds liveweight, year t. 
X^ Annual weighted average price received by farmers 
for all milk sold, wholesale, in current dollars 
per hundred pounds, year t. 
Xn Annual weighted average of the beef-feed price 
ratio, year t. The price received by farmers per 
hundred pounds liveweight of all beef cattle sold, 
in current dollars, divided by the cost of the 
representative beef ration in current dollars per 
hundred pounds. 
#3 
Annual weighted average of the beef-feed price 
ratio, year t - 1» 
Total marketings of cattle and calves, in million 
pounds, year t. This variable represents ship­
ments to markets and packers within a state and 
all shipments out of the state. This estimate does 
not include farm slaughter or interfirm sales 
within the state. 
Total number of calves marketed, including farm 
slaughter, in thousands, year t. 
Total annual production of milk on farms, in mil­
lion pounds, year t. Excludes milk sucked by 
calves. 
Average annual weighted price received by farmers 
for calves sold, in current dollars per hundred 
pounds liveweight, year t. 
Average annual weighted price received by farmers 
for all cattle sold (excluding calves), in current 
dollars per hundred pounds liveweight, year t - 1. 
Average annual weighted price received by farmers 
for calves sold, in current dollars per hundred 
pounds liveweight, year t - 1. 
Average annual weighted price received by farmers 
for ail milk sold, in current dollars per hundred 
pounds, year t - 1. 
Time, 1930 = 1; I960 = 31. 
Total production of cattle and calves, in million 
pounds liveweight, year t. Includes adjustments 
for inshipments and changes in inventory, year t. 
Production of corn, oats and barley, in 100 million 
feed units, year t. 
Average annual weighted price of choice slaughter 
steers at Chicago, in dollars per hundred pounds 
liveweight divided by the annual weighted average 
of the price of stocker-feeder steers at Kansas 
City, year t. 
#4 
X20 Average weighted price of choice slaughter steers 
at Chicago, March through May, in dollars per 
hundred pounds liveweight, year t, divided by the 
weighted average of the price of stocker-feeder 
steers at Kansas City, August through December, 
in dollars per hundred pounds liveweight, year t - 1. 
X21 The number of beef cows and heifers, more than one 
year old, on farms at January 1, year t. 
X22 The difference in the total number of cattle on 
farms at January 1, year t + 1 and at January 1, 
year t. 
X23 The number of beef heifers, between one and two 
years old, on farms at January 1, year t + 1. 
X2i|, The number of milk cows and heifers, more than two 
years old, on farms at January 1, year t + 1. 
X25 The estimated number of young dairy breeding stock 
sold, in thousands, year t. This variable includes 
shipments to markets and packers within a state and 
all shipments out of a state. 
X25 The estimated number of beef breeding stock sold, 
in thousands, year t. This variable includes ship­
ments to markets and packers within a state, and 
all shipments out of a state. 
X20 The estimated number of beef cattle sold, not used 
for beef breeding purposes, in thousands, year t. 
Includes shipments to markets and packers within a 
state, and all shipments out of a state. 
X28 Total production of hay per animal on hand at 
January 1, year t. Animals on hand include all 
dairy cattle and beef cattle, more than one year 
old, except steers and bulls, on farms at January 
1, year t. 
X20 Variable X26 lagged one year. The estimated number 
of beef breeding stock sold, in thousands, year 
t - 1. 
The average number of milk cows on farms during the 
year, in thousands, year t - 1. 
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The estimated number of dairy breeding stock sold, 
including heifers and cows, in thousands, year t. 
Total production of cattle and calves, in million 
pounds liveweight, year t - 1. Includes adjustments 
for inshipments and changes in inventory. 
Total production of corn, oats, barley and all hay, 
in millions of feed units, year t. 
Time variable, 1931 = -8 ... 1947 = 8; 1948 =0 ... 
i960 =0. 
Time variable, 1931 = 0 ... 194? = 0; 1948 = -6 
i960 = 6. 
The production of corn, oats, barley and all hay 
per beef animal, in thousands of feed units, year t. 
Beef animals include beef calves and steers on farms 
at January 1, year t. 
The production of corn, oats, barley and all hay 
per beef animal, in thousands of feed units per beef 
animal, year t. Beef animals Include all beef 
cattle, except beef calves, on farms, at January 
1, year t. 
Variable lagged one year. 
The total number of dairy and beef breeding cattle 
on farms, at January 1, in thousands, year t. In­
cludes milk cows and beef cows more than two years 
old and milk heifers and beef heifers, between one 
and two years old, at January 1, year t. 
The calf-beef price ratio, year t. The average 
annual weighted price received by farmers for all 
calves sold, in current dollars, per hundred pounds 
divided by the average annual weighted price receiv­
ed by farmers for all cattle sold (excluding calves) 
in current dollars per hundred pounds, year t. 
The calf-milk price ratio, year t. The average 
annual weighted price received by farmers for all 
calves sold, in current dollars per hundred pounds 
divided by the average annual weighted price re­
ceived by farmers for all milk sold wholesale, in 
current dollars per hundred pounds, year t. 
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The maturity ratio for dairy and beef breeding 
stock, year t. The number of dairy and beef 
heifers, between one and two years- old, divided by 
the number of dairy and beef cows more than two 
years old, year t. 
The average weighted index of range conditions in 
fourteen Western States, August through November, 
year t. 
Total production of cattle and calves, in million 
pounds liveweight, year t - 1. 
I 
The milk-beef price ratio, year t. The average 
annual weighted price received for milk by 
farmers, in current dollars per hundred pounds 
wholesale divided by the annual weighted average 
price received by farmers for all cattle sold (ex­
cluding calves) in current dollars per hundred 
pounds. 
The beef-hog price ratio, year t. The average 
annual weighted price received by farmers for all 
cattle sold (excluding calves) in current dollars 
per hundred pounds divided by the average annual 
weighted price received by farmers for all hogs 
sold, in current dollars per hundred pounds, year t. 
The milk-beef price ratio, year t - 1. Variable 45 
lagged one year. 
The beef-hog price ratio, year t - 1. Variable 46 
lagged one year. 
Average annual weighted hog-corn ratio, year t. 
Average annual weighted milk-feed price ratio, year 
t. The price received by farmers for all milk sold 
wholesale, in current dollars per hundred pounds, 
divided by the cost of the dairy ration, in current 
dollars per hundred pounds. 
Average annual weighted milk-feed price ratio, year 
t - 1. 
The average weighted price of choice slaughter 
steers at Chicago, in dollars per hundred pounds, 
August through December, year t, divided by the 
price of stocker-feeder steers at Kansas City, in 
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current dollars per hundred pounds, August through 
December, year t. i 
The milk-hog price ratio, year t. The price re­
ceived by farmers for all milk sold wholesale, in 
dollars per hundred pounds divided by the price re­
ceived by farmers for all hogs sold, in dollars per 
hundred pounds. 
Xcij, The milk-hog price ratio, year t - 1. Variable 
lagged one year., 
X^r The average number of milk cows on hand during the 
year, in thousands, year t. 
The average number of pounds of milk produced per 
milk cow, year t. 
The above notations and definitions of variables has been car-
I •-
ried through consistently for the United States, major regions 
and sub-regions. 
Table 60 represents the results obtained in estimating 
the total annual production of milk X^^, and the average pro­
duction of milk per cow X^^, for the United States for the 
period 1931 to I96O. Generally the coefficients of multiple 
determination in determining total milk production are lower 
than for estimating production per cow. 
In equation 60.I we relate production per cow to the 
total production of hay Xz^, a trend variable X]_5, the current 
milk-beef price ratio the current milk-feed price ratio 
X^Q, the lagged milk-feed ratio X^^, the current milk-hog 
price ratio and the average number of milk cows on farms 
during the year X^^. All coefficients have the correct sign 
I 
and all but one are statistically significant. A one percent 
IA8 
Table 60, Total annual milk production and average raoïiber of pounds of idUc per cow United States, 1531 to 1560, slioîing regression 
coefficients with standard errors, levels of. significance and man élasticités; data used are actual observations^. 
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increase in hay production increases milk production by 
2.6491 percent, indicating that milk production per cow is 
strongly dependent on forage availability. The sign of the 
trend variable is positive indicating that milk produc­
tion per cow has increased steadily since the early thirties. 
A one percent increase in the milk-beef price ratio in­
creases production per cow by .II60 percent. An increase of 
one percent in the current milk-feed price ratio X^g in­
creases production per cow by .0143 percent, which is small 
relative to the lagged effect of this variable which equals 
.0742 percent. An increase of one percent in the current 
milk-hog price ratio increases production per cow by .0279 
percent, which is small but statistically significant. An in­
crease of one percent in the number of milk cows on hand X^^, 
ceteris paribus, tends to diminish production per cow by 
.8610 percent. Given limited resources in the short run, this 
is in accordance with theoretical expectations. Winter and 
Ladd (60) found an identical competitive effect between vari­
ables X^g and X^^. The coefficient of multiple determination 
in equation 60.I equals 98.6 percent. 
In equation 60.2 we omit variable X^^ which has a pro­
nounced effect on the coefficient of multiple determination. 
In equation 6O.3 we substitute the lagged milk-beef price 
ratio Xiiy for the current milk-beef price ratio and the 
lagged milk-hog price ratio X^i^ for the current milk-hog price 
4^0 
ratio, We exclude the lagged milk-feed price ratio 
The coefficient of multiple determination declines to 93*0 
percent. 
It would appear that equation 60.I is best suited for 
forecasting purposes. It may be noted that equation 60.I con­
tains almost exclusively non-lagged variables. Production of 
milk per cow cannot therefore be analyzed within a recursive 
model. 
In equation 60.4 we related total annual milk production 
X^i to the total production of hay two orthogonal trend 
I 
variables and ^35» the current milk-beef price ratio 
the current milk-feed price ratio X q^, the lagged milk-feed 
price ratio X^i and the current milk-hog price ratio X^^» 
The coefficient of multiple determination equals 88.7 percent. 
All variables but one,have the appropriate sign. The price 
effects tend to be statistically insignificant. A one percent 
increase in the production of hay X^, increases milk production 
by 4.9^81 percent, indicating that forage availability is the 
most important explanatory variable in short run fluctuations 
I 
in milk production, kn increase of one percent in the current 
milk-beef price ratio Xl^ .^ increases milk production by .0857 
percent. An increase of one percent in the current milk-feed 
price ratio X^q increases production by .0650 percent, indi­
cating the inelastic response to this important ratio of short 
run profitability. The coefficient of the lagged milk-feed 
^51 
I 
price ratio has an incorrect sign. If we compare this coeffi­
cient with the corresponding- coefficient in equation 60.5 we 
observe that the response to the milk-feed price ratio should 
be formulated either on a current or a lagged basis, but no 
simultaneous lag distribution can be established. This indi­
cates that the concentrate ration is adjusted quite rapidly. 
But this adjustment due to its small elasticity coefficient 
compensates only partially for the change in production in­
duced through changes in the supply of forage. A one percent 
increase in the current milk-hog price ratio increases 
current production of milk by .OI9O percent. However, this 
' effect is not statistically significant. 
In equation 6O.5 we reformulate equation 60.4 by includ­
ing only lagged price variables. The sign of the lagged milk-
beef price ratio now becomes negative. No economic justi­
fication for such a sign reversal is apparent. All other 
variables retain their expected signs. Particularly the 
lagged milk-hog price ratio increases in importance. 
Hence it would have been advisable to carry variable for 
the current milk-hog price ratio in equation 60.4. The 
coefficient of multiple determination in equation 60.5 equals 
8^.7 percent, which is substantially lower than in equation 
60.4. Hence for forecasting purposes equation 60.4 is to be 
preferred. It may be noted that equation 60.4 contains only 
current price variables. Hence milk production cannot be 
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determined within a strictly recursive framework. The com-
I 
bined price elasticity for the price of milk in equation 60.I 
through variables -^51 a.nd equals .2197, which 
indicates that the total short run response to a one percent 
change in the price of milk is Inelastic. 
The combined price elasticity for the price of milk in 
equation 60.4 through variables X^^, X^g, X^^ and X^^ equals 
.1114, which indicates that the total short run response to 
one percent change in the price of milk is Inelastic. Com­
paring the obtained total elasticities in equations 60.I and 
60.4 we observe that a change in the price of milk has a pro-
iportlonately greater effect on the production per cow than on 
total annual milk production. 
The total estimated number of dairy 
cattle sold for the United States 
Table 6l presents the results obtained in estimating the 
number of dairy cattle sold for the United States for the 
period 1931 to i960. Generally these estimates were less 
successful than corresponding procedures in estimating the 
number of beef cattle sold. One reason for the low coeffi­
cients of multiple determination may lie in the large residual 
error with which published statistics report dairy cattle 
sales. Dairy cattle sales are a minor proportion of total 
cattle sales. A residual error in estimating total cattle 
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Table 61, Total estimated number of dairy cattle sold X31, United States, 1^)1 to I960, sharing regression coefficients idth standard errors, levels of significance 
and mean elasticities; data used are in terns of actual observations^ 
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%an elasticity. 
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sales will affect the dairy cattle sales component propor­
tionately more than the beef cattle sales component. 
In equation 61.1 we relate dairy cattle marketings to 
the number of cattle on farms at January 1, the current 
beef-feed price ratio Xy, the lagged beef-feed price ratio 
Xg, a trend variable X^^, the availability of feed grains and 
forage per animal on hand at January 1, X^^, the current milk-
feed price ratio X^q the lagged milk-feed price ratio X^^. 
Not all variables have the expected sign, particularly the 
lagged price variables have signs contradicting expectations. 
Hence we reformulate equation 6l.l as equation 61.2, such that 
lagged price variables are omitted. This results in a sub­
stantial decline of the coefficient of multiple determination, 
but all variables in 6l.2 have the appropriate sign and are 
statistically significant. An increase in all cattle on hand 
results in increased dairy cattle sales, but the coefficient 
is relatively small. An increase of one percent in the cur­
rent beef-feed price ratio increases dairy cattle sales by 
.1710 percent. An increase of one percent in feed availabil­
ity X^g increases dairy cattle sales by .2053 percent. An 
increase of one percent in the current milk-feed ratio X^g 
decreases sales of dairy cattle by .5958 percent, indicating 
that sales of dairy cattle are responsive to the current price 
of milk and the current price of feeds. 
In equation 61.4 we relate dairy cattle sales to the 
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number of all cattle on farms at January 1, X^, a trend vari­
able the availability of feed grains and forage per 
animal on hand X^g, the current milk-beef price ratio X^^^, the 
current beef-hog price ratio X^^, the current milk-feed price 
ratio X^o the current milk-hog price ratio X^^» All vari­
ables in equation 61.4 have the correct sign, but the price 
variables are generally not statistically significant. An in­
crease of one percent in feed availability per animal on hand 
X^g increases dairy cattle sales by .1157 percent. An increase 
of one percent in the current milk-beef price ratio decreases 
dairy cattle sales by ,Q2kS percent. An increase of one per­
cent in the beef-hog ratio increases dairy cattle sales by 
.3213 percent. An increase in the current milk-feed price 
ratio of one percent decreases cattle sales by .3979 percent. 
An increase in the current milk-hog price ratio decreases cur­
rent dairy cattle sales by .5132 percent. The combined price 
elasticity of the price of milk in equation 61.4 through vari­
ables X^^, X^o ^53 equals .92, which indicates that the 
price of milk is an important determinant in the number of 
dairy cattle sold. If we add to this the response effects of 
variables X^^ and then it is clear that current economic 
conditions have a substantial influence in determining the 
fluctuations in the number of dairy cattle sold. For purposes 
of forecasting equation 61.4 is to be preferred over equation 
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61.2. It may be observed that in equation 61.4 all price 
variables included are defined on a current basis. Hence 
dairy cattle sales cannot be incorporated in a strictly re­
cursive system of equations. 
Supply Relationships by Major Regions and Sub-Eegions 
Total annual milk production 
by regions and sub-regions 
Table 62 presents the results obtained in estimating 
total milk production by regions and sub-regions, for the 
period 1931 to i960. Production in the North Atlantic States 
expanded from 16.2 billion pounds in the early thirties to 
22.2 billion pounds in the late fifties. For the period I956 
to i960 the Worth Atlantic States accounted for I7.8 percent 
of United States milk production. Equations 62.1 and 62.2 
summarize the results obtained. The independent variables in­
clude the production of all hay in the current year Xjij,, the 
current price received by farmers for all milk sold Xg, the 
lagged price received by farmers for all milk sold two 
orthogonal trend variables X^Zf and X^^, the current milk-beef 
price ratio Xj^,^ and the lagged milk-beef price ratio X^y. We 
observe that an increase in hay production X^j, decreases cur­
rent milk production. Breimyer (11) reported a similar re­
sult, and ascribed this effect to a quality factor, such that 
the quantity of hay harvested and the quality of hay harvested 
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Table 62, Total amual milk prodiiolion! X]2, by regions, 1531 to 1560, shoving regression ooefficiaits idth standard errors, levels of significance 
and nean elasticities; data used are actual observations^ 
Equa­
tion Region R' Constant % % % % % Xjjy • 
IÂ iorii ,528 #,28? -161,633 Î 1233-868 vm EÏÏÔ wT" 
Atlantic (150.315) (li01,088)c (382.620) ($0.122) ($2.172) (2511.355) 
States ,30 1J,S.^ .01 IS, .001 iS. 
NnW #9 1#%8% I %,7# 
Wkdk (U^WM 0%W%) (%,%# (KfBj#) 
States .20 .001 H,3, ,001 .liO 
- ' (.2^ (.WW 
62.3 EastHortii .518 23751.621^ 162.213 l|03.6l6 i, 1806,033 20?.352 756.171 
Cmwa (1%,2#) (WW&^ (#.WW (MJ%) (M.kW) (mk.%3) 
States .20 li,3, ,01 .01 .05 M,S, 
W#) (^ w) (d#o 
'Bwt&dh #7 2WM,3M iBJk i  2KU% 2WJ% 
(b&a (%&W% (%.!%) (#Jk) WW&M# 
States ,20 ,001 ,001 ,05 iS, 
(.%#) ^^M) 
.Wwt&dh 2W&j% 1%J# %.773 & 2%jg 1%%^% 
W (5I|,552) ($12.8%) (5I,$.383) ($.]2lt) (51.38?) (6501.788), 
States ,02 ,10' 11,5. ,001 iS, ' ,10 
(#%) WW# 
6^6 mUMO 4WK5 
(b&d. (&,5#) (%.%M (9.#) (M.m) (6%.^^ 
States ,20 ,01 .01 Î1.S. 1,3, 
(-.0112) . (.,0152) 
WJ .%8 WWJW 3#,8% #k&8 & WU%5 6.@3 ^,#8 UM.O# 
i&m%c &%,!%) ^W.0%) W%JW) (&6%) (aj&) (%6,#1) 
States .05 !(,S. ,05 l.S, .001 ,30 (^%) (^%) 
W,8 So# ,!#8 %#.2%l & 6#,% %.7W 7&97 %&,7^ 
w&Ëb (wmA (#dW) ' (W.a,2) (%U#) (MW%W 
States ,01 ' .001 ,20 ,001 .oi 
(jM) 
^d.-denotes dependent variable) U.S.-not significant at the l|0 percent Isvel. 
Agression coefficient, 
"Standard error, 
tevel of sigdfioance. 
%an elasticity. 
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Table 62. (Contimed) 
Equa- : ~~ 
tion fegioti r2 Constant • Xj, 
^ » ,% Il|lt37.1(î0 W iS & M 187,9a "l?8.^î 26%,W2 
OmbA . (9,6%) WfJB) . 
States U.S. ,01 ,0$ .001 .001 .33 
(,2a3)  ^ (.11)63) (.#) 
&UW &dh iWW/Mk %,# & 1#,6% !%#& %W.3K 
Omba (%%%# (W.#3) (#.3%) (%W.2#) 
States U.S. .23 .02 .02 .30 
waw) 
&,n tb&m WMJW 1#,!% 3%J& d. 
SWw (MU&) (WW#) %.9M) 0^#) (%WJ%) 
.W ils. Ii.S. ,01 .02 1.3, 
(.0]6?) (.O6II1) (-.0286) 
,% 9$,^ l&a% d, %0aO ]&,6# 
Skks 0#,0#) (#d%) MW0) (3#WM) 
.30 .01 .001 .02 11,8, 
(.l#0 
 ^ in.,1% 
(62,667) (29LW (36.039) (l:6,%l,) (l|607.S)7) 
.001 .33 .02 .001 .001 .001 
(.267lt) (,#) (,0%) (.2129) 
62,lii Subgroup A ,761 17279,809 155.002 d. 3l(6,8E0 178,826 -l61j,03? 10092.lt6l 
(67,182) (180,%) (|^,%) (59,926) (5l8lt,55lt) 
.05 .10 .001 .05 .10 
(,1301) (,Q!|25) (.1023) 
62.15 SubgrmpB .921, 20993,176 165,607 525.211 d, #,8,5 100.723 5lf.313 6261,^ 
(U2,678) (612,116) (561,,197) (70.890) (97.092) (5789.238) 
.20 ,l|0 .02 .20 . 001 .30 
(.0983) (.0501) (.11,70) (.0528) 
62.16 Subgroup B ,928 221,30,717 153.855 ' d, #,628 139,098 5l|l,.976 #.952 
(100,610) (239,017) (62,090) (89,075) (5llt8Ji85) 
.20 .001 .05 .001 .10 
(.O91I1) (.1812) (",0806) 
62.17 S#|#0 .801, 87U1.321 m,68l .537# d, 630,236 75,8(8 #.850 7m7.,037 
(52.^31) (396,586) ($6,5la) (31,272) ($,628) (338l,,878) 
.05 • .20 .20 .10 .01 .05 
(.1915) (-.1791) (.2060) (,1906) 
62.18 ' Subgroup C .71,1, 11066.100 80,120 d. 1153,890 20,8l5 -122.677 •6?3.1t21 
(55#) (231,^7) (3lt,598) (55.705) (3601.522) 
.20 .001 1.3. ,05 U.S. 
(.1261) (.3772) _______ (-.0181) 
Subgroup k Ohio, Mana, Illinois, Iowa, l&souri; Subgroup B: Icliigan, Wisconsin, îiimesota; Subgmp 0; îlorth Dakota, South Mota, Nebraska, Kansas. 
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were Inversely related. However, it should be observed that 
this negative association is observable only for the North 
Atlantic States. An increase in the current price of milk Xg 
increases production by .0^76 percent. An increase of one 
percent in the lagged price of milk increases production 
by .2396 percent. The lagged response is clearly dominant in 
this relationship. Both trend variables and X^^ have 
positive coefficients, which conforms with the continued ex­
pansion of milk production in this region. An increase of one 
percent in the current milk-beef price ratio X^j,^ increases 
current production by .O325 percent. The combined price elas­
ticity of the price of milk in variables X5, X^^ and equals 
.3170. The coefficient of multiple determination equals 92.8 
percent. 
Equation 62.2 is a reformulation of equation 62.1. We 
exclude the current price of milk X5 and substitute the lagged 
milk-beef ratio Xjij,y for the current milk-beef ratio Xj^^. The 
coefficient of multiple determination is not affected. All 
variables have the correct signs, and all but one are statis­
tically significant. An increase of one percent in the lagged 
price of milk X^^ increases current production by .2864 per­
cent. It is evident that much of the current response effect 
of variable Xg is transferred onto variable X^^. An increase 
of one percent in the lagged milk-beef price ratio increases 
current production by .0444 percent. The combined price 
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elasticity of the price of milk in variables and X^r; 
equals .326I. 
Equations 62.3 and 62.4 relate to the East North Central 
States. This region produced 26.75 percent of the nation's 
milk in the early thirties and increased this share to 29.4'6 
percent for the period 1956 to 196O. Production increased 
from 27.5 billion pounds to 36.6 billion pounds over a twenty-
five year period. Production per cow in this region averages 
close to 7500 pounds per cow. 
In equation 62.3 all variables have the expected sign. 
I 
The coefficient of multiple determination equals 9I.8 percent. 
An increase in hay production increases milk production. 
An increase of one percent in the current price of milk in­
creases milk production by .0463 percent. An increase of one 
percent in the lagged price of milk increases current milk 
production by .1493 percent. It is evident that the lagged 
response effect is more important than the current response 
effect. An increase of one percent in the current milk-beef 
price ratio increases production by .0470 percent, but this 
effect is not statistically significant. The combined elas­
ticity of the price of milk in variables X^, X^^ and Xi^^ 
equals .2406. 
Equation 62.4 is a reformulation of equation 62.3» We 
omit the current price of milk X5 and substitute the lagged 
milk-beef price ratio X^-p for the current milk-beef ratio X^^. 
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This substitution is not successful since variable now 
assumes an inappropriate sign. The coefficient of multiple 
determination is not affected, and the standard errors of 
estimate are somewhat lower than in equation 62.3• In terms 
of sign consistency we prefer equation 62.3 over equation 62.4. 
Equations 62.5 and 62.6 relate to the West North Central 
States. This region accounted for 26.93 percent of national 
production in 1930 to I96O. In subsequent years this share 
declined to 21.86 percent. Production expanded from 27.7 bil­
lion to 29*4 billion in the war years, but in the late fifties 
this figure had declined to 27«1 billion pounds. Production 
per cow in recent years averaged. 6300 pounds per cow. The 
coefficients of multiple determination obtained in equation 
62.5 and 62.6 are unsatisfactory. In equation 62.5 a.n in­
crease in hay production increases production of milk. An in­
crease of one percent in the current price of milk increases 
milk production by .O98O percent. An increase in the lagged 
price of milk decreases milk production. We observe that for 
this region the lag distribution is the reverse of that of 
previous regions. The current price elasticity is statis­
tically significant. An increase of one percent in the current 
milk-beef price ratio increases milk production by .0959 
percent. This effect is statistically significant. It should 
be observed that beef cattle are a competitive enterprise in 
this area, and this apparently encourages the substitution 
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effect between dairy production and sales for beef production. 
Furthermore, it would appear that a substantial number of 
dairy cattle in this area are of dual-purpose type. With cur­
rently favorable prices, expressed through variable Xg, more 
milk is produced. But no lagged effect is observable for the 
East North Central States and North Atlantic States. The com­
bined price elasticity of the price of milk in variables 
X^^ and Xip^ equals .I56I. 
Equation 62.6 is a reformulation of equation 62.5* It 
only includes lagged price variables. Both of these variables 
have signs which contradict expectations. Hence we reject 
equation 62.6. 
Equations 62.? and 62.8 relate to the South Atlantic 
States. This region accounted for 6.0 percent of national 
production in the period 1931 to 1935- This share has in­
creased since that period to 7.3O percent in the period 1956 
to i960. Production increased from 6.1 billion pounds in the 
earlier period to 9 «1 billion pounds in the later period. 
Production per cow in recent years averaged 5^00 pounds, which 
is well below the national average. All variables in equation 
62.7 have the expected sign, but not all price variables are 
statistically significant. The coefficient of multiple deter­
mination equals 94.8 percent. An increase in production of 
hay increases production of milk. An. increase of one percent 
in the current price of milk increases current milk production 
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by .0882 percent. An increase of one percent in the lagged 
price of milk increases milk production by .2378 percent. For 
this region the lagged price effect is more important than the 
current price effect. The trend variables have the appro­
priate signs. An increase of one percent in the current milk-
beef ratio increases milk production by .0612 percent. 
This effect is statistically significant. The combined elas­
ticity of the price of milk in variables X^, and Xj^^ 
equals .3803 • 
Equation 62.8 is a reformulation of equation 62.?. We 
omit the current price of milk X^ and substitute the lagged 
form of variable into equation 62.8. The coefficient of 
multiple determination increases to 95«8 percent. , All vari­
ables have the appropriate signs, and the standard errors of 
estimate show a substantial decline. For this reason equation 
62.8 is to be preferred over equation 62.?• An increase of 
one percent in the lagged price of milk X^^ increases current 
production by .3^92 percent. An increase of one percent in 
the lagged milk-beef price ratio increases milk production 
by .0117 percent. Both variables X]_^ and X^y have statis­
tically significant effects. For both the North Atlantic 
States and South Atlantic States recursive relationships for 
predicting the production of milk are possible. This is net 
possible for regions where beef production is an important 
competitive enterprise. 
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Equations 62.9 and 62.10 relate to the South Central 
States. This region accounted for 14.33 percent of national 
production in the period 1931 to 1935; since then this share 
declined to 11.17 percent in the period 1956 to I96O. Produc­
tion increased from 14.? billion pounds to I6.I billion pounds 
in the period 1941 to 1945 but has since then declined to I3.9 
billion pounds in the period 1956 to I96O. Production per cow 
in recent years averaged 4100 pounds, which is lower than the 
similar figure for any other region. In equation 62.9 the 
coefficient of multiple determination equals 65.4 percent, 
which is rather low. An increase, in hay production increases 
milk production, but this effect is not statistically signifi­
cant. This stems partly from the fact that this region util­
izes a very substantial amount of roughage in other forms than 
hay. An increase in the current price of milk Xg increases 
current milk production by .2213 percent. An increase of one 
percent in the lag.ped price of milk increases current milk 
production by .1463 percent. The trend variables X^jij. and X^^ 
have the expected signs. An increase of one percent in the 
current milk-beef ratio X^^ increases production by .0594 per­
cent. The combined price elasticity of the price of milk in 
variables Xg, X^^ and X^j,^ equals .4209. In this eauation all 
variables but one have statistically significant effects. It 
may be that the U.S.D.A. estimates of milk production are sub­
ject to error. This would explain the low coefficient of 
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determination in equation 62.9• 
In equation 62.10 we reformulate equation 62.9, such that 
only lagged price variables are included. This substitution 
is not successful judging by the rapid decline in the coeffi­
cient of multiple determination. Hence, for forecasting pur­
poses equation 62.9 is to be preferred. 
Equations 62.11 and 62.12 relate to the Western States. 
This region accounted for 10.3 percent of national production ' 
in the period 1931 to 1935» since then this share increased 
to 12.4 percent in 1956 to i960. Production increased from 
10.6 billion pounds in the earlier period to 15.4 billion 
pounds in 1956 to i960. Production per cow in recent years 
averaged 7900 pounds, which is well above the national aver­
age. Production of milk is largely concentrated in the 
Pacific States and Utah. The coefficient of multiple deter­
mination in equation 62.11 equals 86.7 percent. An increase 
in the production of hay Xi|, increased production of milk. An 
increase of one percent in the current price of milk in­
creases production by .0769 percent, but this effect is not 
statistically significant. An increase of one percent in the 
lagged price of milk increases production by .0674 per­
cent. The trend variables and have the expected 
signs. An increase in the milk-beef price ratio increases 
production by .0286 percent, but this effect is not generally 
significant. The combined elasticity for the price of milk in 
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variables X5, and equals .I7IO. 
In equation 62.12 we reformulate equation 62.11 on a 
lagged basis. The coefficient of multiple determination is 
not substantially affected. Much of the response effect of 
variable X5 is transferred onto variable X^^. The lagged 
variable Xz^y has substantially the ^ame elasticity as the 
current variable X^^. We observe therefore that for the 
Western States a recursive relationship may be used in pre-
I 
dieting current milk production. The combined price elas­
ticity of the price of milk in variables X^^ and X^^.^ equals 
.1654.  
Equations 62.I3 and 62.14 refer to subgroup A. This 
group of states includes Ohio, Indiana, Illinois, Iowa and 
Missouri. In equation 62.13 all variables have the expected 
signs and all are statistically significant. The coefficient 
of multiple determination equals 87.3 percent. An increase in 
current production of hay increases milk production. The 
elasticity for the current price of milk X5 equals .0483 as 
compared to .0873 for the lagged price of milk Xj_^. The trend 
coefficients X^ii, and have the expected signs. The elas­
ticity of the current milk-beef price ratio Xzj,^ equals .2129, 
indicating that in this subgroup milk production and beef 
production have a substantial substitutability in the short 
run. 
Equation 62.14 reformulates equation 62.13 such that only 
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lagged price variables are included. This results in a sub­
stantial decline of the coefficient of multiple determination. 
Omission of the current response effect is therefore not 
permissible. In equation 62.13 the combined elasticity for 
the price'of milk in variables X5, and equals .3325. 
Equations 62.15 a.nd 62.16 refer to subgroup B, which 
includes Michigan, Wisconsin and Minnesota. In equation 62.15 
I 
all variables have the expected sign and all are statistically 
significant. The coefficient of multiple determination equals 
92.4 percent. An increase in production of hay Xi|. by one per­
cent increases milk production by .0983 percent. The elas­
ticity for the current price of milk X/ equals .050I, as com­
pared to the elasticity for the lagged price of milk X^^ which 
equals .1470. We observe again that in states that predomi­
nantly specialize in dairy production the lagged price response 
effect is more important than the current price response 
effect. The elasticity for the lagged milk-beef ratio X^ .^^  
equals .0528. The combined elasticity for the price of milk 
I 
in variables X5,  X]_^ and X/^.^ equals .2454. 
Equation 62.16 reformulates equation 62.15 by omitting 
variable X5 and substituting variable for variable X^^. 
The coefficient of multiple determination increases somewhat. 
It is likely that if variable had been carried through 
in equation 62.16 rather than variable the results would 
have been somewhat better. Most of the current response 
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effect of variable is transferred onto the lagged variable 
The standard errors of estimate decrease uniformly. 
Hence, a recursive formulation in milk production for subgroup 
B is to be preferred over a formulation which contains cur­
rent price response effects. 
Equations 62.1? and 62.18 relate to subgroup C, which 
includes North Dakota, South Dakota, Nebraska and Kansas. The 
coefficients of multiple determination for this subgroup are 
somewhat lower than for the other groupings of the North Cen­
tral States. In equation 62.1? an increase of one percent in 
the production of hay increases milk production by .1915 per­
cent. Since the production of hay fluctuates a great deal in 
this area, it is apparent that variable plays a substantial 
role in explaining the fluctuations in milk production in this 
region. The elasticity of the current price of milk X5 equals 
-.1794 which appears inconsistent with expectations. The 
elasticity of the lagged price of milk X^^ equals .2060. Both 
variables X^ and X^^ have statistically significant effects. 
The elasticity of the milk-beef ratio Xif,^ equals .I906, which 
is highly significant. The combined elasticity of the price 
of milk in variables X^, X]_^ and X^j,^ equals .2010. 
In equation 62.18 we reformulate equation 62.17 so as to 
include only lagged variables. The coefficient of multiple 
determination declines rapidly, which indicates that current 
price response in milk production for subgroup C cannot be 
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ignored. 
Summary 
Annual milk production in the United States expanded from 
102.9 billion pounds in the early thirties to 124.3 billion 
pounds in the late fifties. The reallocation in regional pro­
duction was in favor of the Atlantic States and East North 
Central States. Nevertheless the reallocation of production 
has been minor relative to the total expansion in milk produc­
tion. Annual milk production and production per cow were 
estimated for the United States, six geographic regions and 
three subregions of the North Central States. In all cases 
satisfactory coefficients of multiple determination were ob­
tained particularly in relationships estimating production per 
cow. Estimation of the number of dairy cattle sold was less 
successful, due to some extent to existing errors in published 
statistics. Table 63 presents a regional comparison of elas­
ticities obtained in the analysis of the supply of annual milk 
production. 
The price elasticity of the current price of milk X5 is 
largest for the South Central States with .2213 and smallest 
for the East North Central States with .0463. The correspond­
ing price elasticity for the United States is not available. 
The standard errors of elasticity are small relative to the 
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Table 6), i regional comparison of elasticities obtained in the ana]ysis of the supply of milk production, 1931 to 1)60 
1 
1 North 
Atlantic 
States 
East North 
Central 
States 
fest North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States Siibregion A Subregion B Subregion 0 
The current price 
of milk % 
M 
imf 
1 
.OI163 ,# 1 .08Î2 
(.11)2) 
.2213 .# 
(.1016) 
.01(83 • -.l]9li 
(.I32I1) 
The lagged price 
of jiili % 
,2396 
(#) 
.11(93 
(,W) 
.,0298 ,2%8 
(.101)6) (.%) 
.067lt 
(.1006) 
# 
(.0)38) 
.2060 
(.%#) 
The current milk-
beef price ratio % 
.w# 
(,#) 
4?o 
(.363?) 
.0612 
(.%:) (.%!) 
.@86 ,2129 
(.%#) (.#) (.08?0) 
The combined 
elasticity of the 
price of milk "" .31?0 406 .1561 
I 
.3803 ,w .1710 .33^$ .2l|$lt .2010 
^Figures in parentheses are standard errors of elasticity. 
1 
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mean elasticities. However no statistically significant dif-
ferences in response exist between regions, with the exception 
of the South Central States. It may be observed that the 
price elasticity of the current price of milk is small in all 
regions, but the South Central States. 
The price elasticity of the lagged price of milk is 
largest in the North Atlantic States with .2396 and smallest* 
in the Western States with .0674. The corresponding price 
elasticity for the United States is not available. The 
standard errors of elasticity are small relative to the mean 
elasticities. Statistically significant differences exist be­
tween^ regions with respect to the lagged price of milk. How­
ever, such differences are not in any apparent manner related 
I 
to regional economic characteristics as the region's share 
in national production, the existence of competitive livestock 
enterprises, and the average production per cow. 
The price elasticity of the current milk-beef price ratio 
is largest for the West North Central States with .0959 
and smallest for the Western States with .0286. The corre­
sponding price elasticity for the United States is not avail­
able. The standard errors of elasticities are not uniformly 
small. For the six major geographic regions no statistically 
significant differences in response exist. However, for both 
subgroup A and subgroup C we find elasticities which are rela-
\ 
tively large and significantly different from the correspond­
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ing estimates of other regions. 
The combined elasticity of the price of milk in variables 
X6» and is largest for the South Central States with 
.1561. It is apparent therefore that 1) the total response 
effect of the price of milk is larger than it is commonly 
thought to be and 2) that substantial differences in price 
responsiveness exist between regions. Such differences are 
not in any apparent manner related to regional economic char­
acteristics as the region's relative importance in production, 
the production per cow, the price received for all milk sold 
and the existence of competitive livestock enterprises. 
Total number of dairy cattle sold by regions 
Table 64 presents the results obtained in estimating the 
number of dairy cattle, by regions, for the years 1931 to 
i960. We include in the analysis the following variables: 
the number of all cattle on farms at January 1, X]_, the cur­
rent price of milk received by farmers for all milk sold.Xg, 
the lagged price received by farmers for all milk sold X^^, 
the production of feed grains and hay per animal on hand X?^, 
the current milk-beef price ratio X^^, the current beef-hog 
price ratio, the lagged milk-beef price ratio and the 
lagged milk-hog price ratio X^g. 
Equations 64.1 and 64. 2  relate to the North Atlantic 
States. Dairy cattle sales in this region increased from .60 
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Table 61(. Estiaated mbers of mature and young dairy breeding stock sold by regions, 153I to I56O, shoiring regression coefficients with 
standard errors, levels of significance and mean elasticities; data used are actual observations® 
Equa­
tion Region Constant %1 ^6 X31 H % % % % 
61t.l north 
Atlantic 
States 
4^76 
1 
.171 
(.0?) 
.10 
$1.122^ 
(23.32# 
.05^ 
(.23%)^ 
d, 27,197 
(17.309) 
.20 
(.2220) 
$30.139 
(3$8J,23) 
.20 
(.23$0) 
15.3I10 
(100.1^6) 
M.S. 
(,01$1) 
6lt,2 North 
Atlantic 
States 
.763 -112?.360 ,226 
(.06]) 
.001 
(1$,80)) 
.01 
(.ai6) 
d. A ,086 
nm) 
.10 
1 
952.000 
(26$,098) 
.01 
(,WW) 
92,30 
(G8J1I) 
.1(0 
(,089$) 
' EastHorth 
Central 
States 
.82? #.303 ,086 
(.01;?) 
.10 
108,m 
(72.6$1) 
.20 
(.II18O) 
d. -9,113 
U.S. 
(-.0158) 
4W&W8 
(]2$3,$62) 
.30 
^4W) 
-232.$3 
(1$$.723) 
.33 
(-.0812) 
61t.lt East north 
Central • 
States 
.15] #.288 ,093 
(.0|i$) 
.20 
77,82$ 
(7lt.lO?) 
.^0 
(.103li) 
d. 4941 
(62,096) 
U.S. 
(-.08$$) 
"II09,0$L 
(]la8.l60) -
K.3, 
(-.0827) 
-2lg,]78 
.20 
(-.0872) 
6I1.5 West North 
Central 
States 
.271 2^5lt.!t96 .003 171.?li7 
(.032) (U6.939) 
Kj. 
(.21I1O) 
d. -22,669 
(29.027) 
U.S. 
, (-.138$) 
$,6!|5 
(32$m3) 
M.S. 
(,mA) 
436,901 
(3$!.06L) 
.33 
(-.2178) 
61).6 West Worth 
Central 
States 
,287 2138,6$] .03$ 
(.033) 
.1(0 
33,20lt 
(128,917) 
K.S. 
(.0li06] 
d. -19.1(91 
(26,!;30) 
li.S. 
(-.1191) 
$00,$73 
(2926.770) 
M.S, 
(.01(76) 
4l.lt87 
(3$2,$lt2) 
.10 
(-.W) 
-denotes dependent variable) ï.S.-not sipiiïcant at the 1|0 percent level, 
'^Regression coefficient. 
(^Standard error. 
dlevel of significance. 
eMean elasticity. 
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Table 61|, (Continued) 
Equa­
tion Region t Constant ^ Xj^g 
61,7 South .113 905.058 .Oil 
Wkdk (%.%%) (8.%^  (0,6#) 
State? is. H.S. . .10 ,(g .(g 
(.11)85) (",#) (-.to) (-.2860) 
.&8 "L# d, jJA , JM.1% 4%,7% 
W&mKc (4%) (4%%) U^W) (%&#^  (%,2g 
States .20 LS. I.S. .20 .30 
(-.0220) (-.2001)) (-.*) (-.2062) 
bdh ,0 ]#,# ,W "MJW 1A%7 4%,7% 
Cmka (.CW) (78dA) (77'%3) (%%4&) ^W4#) 
States .10 H.S. K.S. .10 • .10 
(.,07ltQ) (,# (-,#) (-.3li98) 
WkW SwA .&B J32 4UJ& 
Cwba (.(%) (&,8%) (%,9&) (ALW^  
States .01 !;.3. 1.3. .20 .10 
(-.%%) Ld#) (^ 2M) (-J&0 
1 
%^ 1 %dmm .Mk mUBS, & tWD -njM 
SbbB ' (.Oa) (%'7%) (9%'lW) (%&%0 
.10 .30 S.3. .10 M.3. 
^WW) (^WW) 
&,% %dm% ,%0 W.a6 l^ MG d. 14^ 6 
W%) (%.k7) . (3JM0 (1%&%0 (M&&)) 
.10 .20 .30 H.S. S.3. 
(.2lg7) (,%) (-,12$!;) (-.117$) 
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million head in the early thirties to .82 million head in the 
late fifties. The corresponding figures for all beef cattle 
sold .were respectively .09 million and .39 million, indicat­
ing that this region markets predominantly dairy cattle. In 
equation 64.1 all variables have the expected sign and all but 
one are statistically significant. The inventory variable 
has the expected effect on sales. An increase of one percent 
in the current price of milk increases dairy cattle sales by 
•2355 percent. An increase in current production of feed 
grains and hay per animal on hand increases dairy cattle sales 
by .2220 percent. An increase of one percent in the current 
milk-beef price ratio increases sales by .2350 percent. 
An increase of one percent in the current milk-hog price ratio 
increases dairy cattle sales by .0151 percent. 
In equation 64.2 we reformulate equation 64.1, such that 
we include only lagged price variables. This results in a 
substantial improvement in the coefficient of multiple deter­
mination. The elasticity for the lagged price of milk 
equals .2116. The elasticity for the lagged milk-beef ratio 
equals..4244. The elasticity of the lagged beef-hog ratio 
equals .O895. All variables are statistically significant. 
The combined price elasticity of the price of milk in vari­
ables and Xi^y equals .3675» indicating a substantial 
response to the lasrged price of milk. It may be observed that 
sales of dairy cattle in the North Atlantic States can be pre-
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I 
dieted within a framework of recursive equations. Since dairy 
cattle in the North Atlantic States are substantially the only 
I 
source of beef cattle in this region, a positive sign for 
variables and is acceptable. 
Equations 6^.3 and 64.4 relate to the East North Central 
States. Dairy cattle sales in this region increased from 1.2 
million head in the early thirties to I.7 million head in the 
I 
late fifties. The corresponding figures for beef cattle sales 
I 
are .7 million head and 2.0 million head respectively, indi­
cating that sales of beef cattle have become increasingly 
important. In equation 64.3 the coefficient of multiple 
determination equals 82.7 percent. An increase of one per­
cent in the price of milk X5 increases production by .1480 
percent. The amount of feed grains and hay produced per 
animal on hand X^g has a negative effect on dairy cattle 
sales, but this response is not statistically significant. 
An increase of one percent in the current milk-feed ratio 
decreases sales by .1505 percent. An increase of one 
percent in the beef-hog price ratio decreases dairy cattle 
sales by .0812 percent. Both variables X^^ and X^^ have 
statistically significant effects. 
In equation 64.4 we include exclusively lagged price 
variables. The coefficient of multiple determination declines 
tc 79.7 percent. The price effects are not statistically sig­
nificant. For these reasons equation 64.3 is to be preferred 
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over equation 64.4. It may be observed that for the East 
North Central States no strictly recursive relationship can 
be formulated for the number of dairy cattle sold. 
Equations 64-5 and 64.6 relate to the West North Central 
States. Dairy cattle sales in this region increase^ from I.5 
million head in the early thirties to 1.8 million head in the 
I 
war years, but subsequently declined to I.5 million head in 
the late fifties. This region markets a nrepohderance of fed 
beef cattle. The coefficients of multiple determination in 
equations 64.5 snd 64.6 are very low, probably because in 
this region the distinction between dairy cows and beef cattle 
is not very distinct. Hence it would have been advisable to 
aggregate these two components into one variable. 
Equations 64.7 and 64.8 refer to 'the South Atlantic 
States. Dairy cattle sales in this region increased from .4 
million head in the early thirties to .6 million head in the 
late fifties. In equation 64.7 the coefficient of multiple 
determination equals 71*3 percent. An increase of one percent 
in the current price of milk increases dairy cattle sales 
by .1485 percent. An increase of one percent in feed avail­
ability per animal decreases dairy cattle sales by .4742 
I 
percent. An increase in the current milk-beef price ratio 
•^45 by one percent decreases current sales by .4819 percent. 
The elasticity for the current milk-hog price ratio X^j,^ equals 
-.2860. In equation 64.8 we reformulate equation 64.7 by 
I 
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including- only lagged price variables. The coefficient of 
multiple determination declines quite rapidly, hence we prefer 
equation 64.7 over equation 64.8. 
Equations' 64.9 and 64.10 summarize the results obtained 
for the South Central States. Sales of dairy cattle in this 
region increased from 1.0 million head to I.3 million head 
in the late fifties. Sales from beef cattle are almost a 
triple of dairy cattle sales in this area. In equation 64.9 
the coefficient of multiple determination equals 56.5 percent, 
which is rather low. The elasticity of the current price of 
milk Xg equals -.0704. The elasticity of the feed availabil­
ity per animal equals .0555».but this elasticity is not 
statistically significant. The elasticity of the current 
milk-beef ratio equals -.5703 and is statistically sig- • 
nificant. The elasticity of the cur-rent milk-hog ratio X^j,^ 
equals -.3448. From variables Xj^^ and it is apparent 
that milk production competes closely with beef production and 
hog production in the South Central States. 
1 
Equations 64.11 and 64.12 summarize the results for the 
Western States. Dairy cattle sales in this region increased 
from .5 million head to .7 million head over a twenty-five 
year period. However, beef cattle sales are more than four 
times as large as dairy cattle sales. Prom equations 64.11 
and 64.12 we observe that the formulation in terms of lagged 
prices results in a substantially lower coefficient of mul­
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tiple determination. Hence for forecasting purposes equation 
64.11 is to "be preferred over equation 64.12. The elasticity 
of the current price of milk equals .1952 and is statistically 
significant. The effect of availability of feed grains and 
hay per animal on hand is statistically not significant. The 
elasticity of the current milk-beef price ratio equals 
-.4906, indicating that beef production and milk production 
are closely competitive in this region. The price elasticity 
of the current milk-hog price ratio equals -.075^, indicating 
that milk production and hog production in the Western States 
compete to only a limited extent. 
I 
I 
I 
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SUMMARY AND CONCLUSIONS 
This study was undertaken to extend present knowledge of 
supply response in livestock production. The following com­
prehensive* categories were*analyzed: 1) cattle production and 
sales, 2) dairy production, 3) hog production, 4) egg produc­
tion, 5) broiler production and 6) turkey production. Each of 
these categories, except poultry products, were estimated for 
the United States, six major regions, and three subgroups of 
the North Central States. Supply relationships for poultry 
product categories were estimated for the United States and 
six major regions. Models were selected to provide as much 
information as possible on short run response to price, the 
time shape of economic reactions, the competitive relation­
ships between different livestock products and the' influence 
of the availability of feed grains and forage on supply re­
sponse. The second major objective was to develop relation­
ships of sufficient predictive accuracy to be useful in 
policy models and to establish such relationships on a re­
gional basis. Emphasis was placed on single equation models 
using the ordinary least squares method of estimation. The 
period of analysis covered 1931 to 19^0, except in those 
instances where structural change occurred between prewar 
and postwar years. 
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Egg Production 
Annual egg production in the United States expanded from 
36.8 billion e.p-gs in the early thirties to 6O.8 billion eggs 
in the late fifties. All regions shared in this growth but 
not proportionately. The Atlantic States increased their 
share in national production from 21.7 percent to 27.9 per­
cent. Nevertheless, regiona-1 reallocation of egg production 
has been small relative to the total expansion in egg produc­
tion for all regions included in this study. 
During the period 1931 to I96O egg production became in­
creasingly concentrated in larger and more productive flocks, 
which resulted in substantial savings in operating costs and 
feeding efficiency. Peed costs, oer layer in current dollars, 
increased until the late forties, but has changed little since 
then. The gross nrofit margin oer layer, iiji current dollars, 
\ 
favored an expansion in egg production throughout the fifties. 
Regional disparity with respect to revenue realized per layer 
was very much greater than differences in feed cost per layer, 
but such regional differences were becoming increasingly 
smaller. For the United States the average year to year 
change in production was 4.0 percent, that in price was 14.9 
percent. The within year variation in production was sub­
stantially greater than the between year variation in produc­
tion. The seasonal pattern of production and prices was 
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largely autonomous. Accurate information on inputs used in 
the poultry industry was not available. Since large regional 
differences existed in the type of feed fed. to poultry, it was 
decided to construct an egg-feed price ratio for each region. 
This ratio is a sensitive economic indicator and is repre­
sentative of the short run profitability conditions in the egg 
industry. The fixed weight index underlying the representa­
tive regional poultry rations overstate the cost of the 
poultry ration, since they do not take account of possible 
substitutions which lead to a lower cost ration. 
* \ 
In the analysis of supply response in egg production we 
included as independent variables a number of undeflated 
prices and product-factor price ratios. The regressions were 
estimated by ordinary least squares for the period 1931 to 
i960 in terms of actual annual observations. 
A number of supply relationships were formulated for each 
region. The coefficients of multiple determination were satis­
factory. The reader may consult Table 73 for the supply rela­
tionships best suited for prediction and policy models. The 
^ direct price effects of the price of eggs in current or lagged 
form were in all instances statistically significant and of 
I 
proper sign. No strictly recursive relationships in egg pro­
duction appear to be valid, except for the Western States. 
The cross price elasticities for the price of beef and the 
\ 
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price of hogs were in the majority of relationships statis­
tically significant. However, with respect to the sign o^f 
the cross price elasticities we observe that both hog produc­
tion and beef production may appear as competitive or com­
plementary enterprises, depending on the region considered. 
The cross price elasticities are small relative to the direct 
price elasticity of eggs. The elimination of the p^ice vari­
able of a competitive livestock enterprise results in a par­
tial transfer of the competitive prince effect to the remaining 
competitive enterprises. The price of farm chickens, when 
included conjointly with the price of eggs, tends to dominate 
the response effect in egg production. However, elimination 
of the price of farm chickens results in an almost complete 
transfer of the response effect to the price of eggs, in cur­
rent or lagged form. Table 65 presents a regional comparison 
of elasticities of response with respect to the current and 
lagged price received by farmers for eggs sold. For the 
United States the current price elasticity equals .1769 which 
\ 
is substantially smaller than the lagged price elasticity 
equalling .330?• With the exception of the South Atlantic 
States we find a lag distribution such that the lagged price 
effect is larger than the current price effect, which is in 
accord with the traditionally strong pattern of seasonality 
in egg production. The total price elasticity for the United 
States equals .5076. The Western States have the lowest total 
\ 
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Table 65» ^ regional comparison of elasticities of 
response with respect to the current and^ 
lagged price received by farmers for eggs sold 
Region Equation 
Current 
price 
of eggs 
Lagged 
price 
of eggs 
Total response 
induced by the 
price of eggs 
North 
Atlantic 
States 
18.5 A^ 
B 
.1948 
(.1053) 
.5417 (.1138) .7365 
East North 
Central 
States 
19.5 A 
B 
\ .1471 
(.0466) 
.2984 
(.0495) 
.4455 
West North 
Central 
States 
20.5 A 
B , 
.2599 
(.0372) 
.3572 
(.0904) 
.6171 
South 
Atlantic 
States 
21.5 A 
B 
.1675 
(.1015) 
.0867 
(.1104) 
.2542 
South 
Central 
States 
22.5 A 
B 
.1930 
(.0850) 
.3071 
(.0090) 
.5001 
Western 
States 
23.4 A 
B 
0 .1582 
(.0434) 
.1582 
United 
States 
17.5 A 
B 
.1769 
(.0614) 
.3307 
(.0658) 
.5076 
mean elasticity. 
B; standard error of elasticity. 
price elasticity with .1582. The North Atlantic States have 
the highest total price elasticity with '73^5' It is there­
fore apparent that statistically significant differences exist 
in supply response in egg production between the six regions 
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included in this study. Such differences are not in any-
apparent systematic manner related to important regional 
economic characteristics such as the distribution of the 
flock size, the number of eggs laid per 100 layers on hand, 
the revenue per layer, the seasonal and between year variabil­
ity and the egg-feed ratio. To the extent that the price 
elasticities and trend coefficients are substantially differ­
ent between regions it is apparent that a disaggregated 
national model will result in improved predictions, apart from 
the inferences which can,be drawn from differences in struc­
tural coefficients between regions. It is for these reasons 
that we would continue to recommend the regional disaggrega­
tion of egg supply response relationships in the United 
States. 
Turkey Production 
Annual production of turkeys in the United States ex­
panded from 35'^ million pounds in the early forties to 80.5 
million pounds in the late fifties. All regions shared in 
I 
this growth, but not proportionately. Both the South Atlantic 
States and the East North Central States increased their share 
of national production. The regional reallocation of produc­
tion is small relative to the total expansion in production 
for each region. Regional differences in economic efficiency 
have narrowed since the early fifties. Production technology 
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has become increasingly uniform and innovations of a bio­
logical or mechanical nature are now readily adopted in all 
regions. The expansion in production took place with strongly 
declining profitability conditions, as measured by the turkey-
feed price ratio. An offsetting development originated in 
substantial gains in feeding efficiency. Accurate information 
on inputs used was not available. Given that available labor 
i 
has a low opportunity cost it appeared that the turkey-feed 
price ratio was the major short run determinant in supply 
response. The composition of the poultry ration varies be­
tween regions and between years. In this study we concen-
1 
trated on regional differences in the composition of the tur­
key ration. The poultry ration cost was computed separately 
for each region on the basis of fixed regional weights. 
Production of turkeys is determined by the seasonal 
demand for turkeys. More than six months are required to pro­
duce a bird at standard marketing weights. This suggested 
that a recursive analysis of turkey supply response was to be 
followed. Among the independent variables we included a num­
ber of product-factor price ratios and autonomous variables. 
No inventory variables were included. The regressions were 
estimated by ordinary least squares for the periods 1931 to 
i960 and 19^6 to 196O in terms of actual annual observations. 
\ 
A number of recursive supply relationships were estimated 
for each region. The coefficients of multiple determination 
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were generally satisfactory. The reader may consult Table 73 
for the supply relationships best suited for prediction and 
policy models. Table 66 presents a comparison of regional 
response in turkey production with respect to three product-
factor price ratios. We observe that the elasticity of the 
turkey-feed ratio estimated for 1931 to I960 is uniformly 
smaller than the corresponding estimate for the period 1946 
to i960. This indicates that the supply of turkeys has become 
I 
more price responsive in postwar years. The differences 'in 
price responsiveness between the periods I931 to I96O and 1946 
to i960 are quite substantial. Hence for prediction purposes 
postwar supply relationships should^be used. The response 
effect of the turkey-feed ratio is in all instances of prbper 
sign, but not necessarily significant. The cross-price elas-
I 
ticity for the egg-feed ratio are substantial in magnitude 
when measured relative to the own price elasticity of the 
turkey-feed ratio, but they are not always statistically sig­
nificant. The cross price elasticities with respect to the 
broiler-feed price ratio are positive with the exception of 
the Western States. This indicates that in the larger number 
of regions turkey production and broiler production,tend to be 
complementary enterprises. The cross price elasticities of 
the broiler-feed ratio tend to be small relative to the own 
price elasticity of the turkey-feed ratio. The standard 
errors of the broiler-feed price ratio tend to be large 
Table 66. A comparison of regional response in tiirkey production with respect 
to some product-factor price ratios 
Turkey-feed Egg-feed Broiler-feed 
price ratio price ratio price ratio 
R e g i o n  P e r i o d  E q u a t i o n  t  -  1  t  -  1  t - 1  
North 1931 to i960 29.2 Aa .0430 N.A.b N.A. 
Atlantic B (.035") 
States 
1946 to i960 29.3 A .3150 -.9474 .0972 
B (1.0956) (.4110) ( .8788) 
East North 1931 to i960 29.6 A .0755 N.A. N. A. 
Central B ( .3097) 
States 
1946 to i960 29.7 A .4165 -.0036 .6887 
B ( .5326) (.1787) (1.0213) 
West North 1931 to i960 29.11 A .1294 N.A. N.A. 
Central B ( .2728) 
States 
1946 to i960 29.12 A .8011 -.2986 .5593 
B (I.0702) (.3179) (5.8441) 
South 1931 to i960 29.16 A .2078 N.A. N.A. 
Atlantic B (.4155) 
States 
1946 to i960 29.17 A .4012 -1.0548 -.1857 
- B (1.5057) (1.0210) -(1.3168) 
3-A; mean elasticities. B: standard error of elasticities. 
^K.A.; not available. 
Table 66. (Continued) 
Region Period Equation 
Turkey-feed 
price ratio 
' t - 1 
Egg-feed 
price ratio 
t - 1 
Broiler-feed 
price ratio 
t - 1 
South 1931 to i960 29.21 A .3615 N • A • N.A. 
Central B (.1956) 
States 
1946 to i960 29.22 A .7438 -.1793 .0223 
B (.6697) (.3905) (.0758) 
Western 1931 to i960 29.26 A .0891 N.A. N.A. 
States B (.20621 
1946 to i960 29.27 A .4343 .0484 -.4189 
B ( .2849) (.3185) (.4600) 
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relative to the expected mean elasticities. For the postwar 
period we observe the largest elasticity of the turkey-feed 
price ratio in the West North Central States with .8011 and 
the smallest elasticity for the North Atlantic States with 
.3150. Due to the relatively large standard errors of elas­
ticity no statistically significant differences exist between 
regions. The cross price elasticity for the egg-feed ratio is 
largest in the South Atlantic States with -1.05^8 and smallest 
in the East North Central States with -.OO36. Due to the 
large standard errors of the elasticities no statistically 
significant differences between regions appear to exist. The 
cross price elasticity of the broiler-feed ratio is largest 
in the East North Central States with .6887 and smallest with 
-.4189 for the Western States. Due to the large standard , 
errors of the elasticity no statistically significant differ­
ences between regions are observable. 
Broiler Production 
Annual production of broilers in the United States ex­
panded from 70.4 million birds in the late thirties to 1455*9 
million birds in the late fifties, thereby achieving a rate 
of growth unparalleled by any other agricultural enterprise 
over that same period. Broiler production was regionally con­
centrated from its inception and has become increasingly 
regionally specialized ever since. In the early fifties entry 
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became facilitated through vertical integration. The revenue 
and cost conditions during the past thirty years were subject 
to major developments. The broiler-feed price ratio declined 
from an average of I5 in the late thirties to eight in the 
late fifties, which was mainly due to a declining price for 
broilers. An offsetting development occr-red with respect to 
very substantial gains in feeding efficiency. Seasonal and 
annual variation in broiler production was quite small com­
pared to other poultry products. Accurate information on 
inputs used in the broiler industry was not available. Since 
large regional differences existed In the type of feed fed to 
broilers it was decided to construct a broiler-feed price 
ratio for each region. This ratio is a sensitive economic 
indicator of the short run profitability conditions in the 
broiler industry. The fixed weights underlying the repre­
sentative regional poultry rations overstate the cost of the 
poultry ration. , 
In the analysis of supply response in broiler production 
we included as independent variables a number of product-price 
ratios and autonomous variables. The regressions were esti­
mated by ordinary least squares for the period 1931 to I96O 
in terms of actual annual observations. 
À number of supply relationships were formulated for each 
region. The coefficients were uniformly high due to the low 
annual variability in production and the very rapid rate of 
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expansion in production. The reader may consult Table 73 for 
the supply relationships best suited for prediction and policy 
\. 
models. The current response effect of the broiler-feed price 
ratio was not statistically significant, except for the United 
States. The lagged response effect of the broiler-feed ratio 
was significant for the Western States and the United States 
only. The coefficients of response which appear in Table 67 
should not be interpreted as ordinary elasticities because 
of the logarithmic definition of total broiler production. 
However a comparison of such coefficients between regions can 
usefully serve as a measurement of relative resDonse to the ^ 
broiler-feed ratio. For the North Atlantic States the total 
response coefficient equals -.2077, which is Inconsistent with 
a priori expectations. The largest response coefficient is 
obtained for the Western States with .2664. The total re­
sponse coefficient for the South Atlantic States equals .2065* 
The total response coefficient for the South Central States 
equals .1101. Since these two regions account for 75 percent 
of national production it is logical that the United States . 
response coefficient should lie between these two limits. We 
observe that the total response coefficient for the United 
States equals .1543» which is in accordance with expectations. 
The standard errors of elasticity are large relative' to the 
response coefficients, except for the United States. Never­
theless, statistically significant differences between regions 
Table 6?. A comparison of regional response in broiler production with respect 
to the current and lagged broiler-feed price ratio, 1931 to I96O 
Current broiler- Lagged broiler- Total response to 
Region Equation feed price ratio feed price ratio broiler feed ratio 
North Atlantic 25.10 A^ -.0063 -.2014 -.2077 
States B (.0126) (.1386) 
East North 25.14 A -.0241 .0163 -.078 
Central States B (.8860) (1.032) 
West North 25.18 A .0035 .0734 .0769 
Central States B (.1471) (.1433) 
South Atlantic 25.22 A .0290 .1775 .2065 
States B (.0887) (.1513) 
South Central 25.26 A .0933 .0168 .1101 
States B (.0746) (.0778) 
Western 25.30 A . 0466 .2198 .2664 
States B r.1156) (.2190) 
United 25.7 A - .0581 .0962 .1543 
States B (.0481) (.0421) 
I' 
&A: 
B: 
mean elasticities. 
standard error of elasticity. 
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; 
are apparent. Broiler production appears to be complementary 
with egg production for the United States, but the cross price 
elasticity is not statistically significant. A complementary 
relationship between broiler production and egg production 
prevails for all regions except the South Atlantic States and 
\ 
Western States. For both these regions the cross price elas­
ticities are significant. To the extent that the price elas­
ticities and trend coefficients are substantially different 
between regions it is apparent that a disaggregated national 
model will result in improved predictions, apart from the 
inferences which can be drawn from differences in structural 
coefficients between regions. It is for these reasons that 
we would continue to recommend the regional disaggregation of 
broiler supply response. 
Hog Production 
Annual production of hogs in the United States expanded 
from l4.5 billion pounds llveweight in the early thirties to 
19.4 billion pounds in the late fifties. The North Central 
States accounted for approximately 80 percent of production. 
There is a close correlation between the regional location of 
hog production and the location of feed grain production. The 
hog-corn ratio increased over the past thirty years by close 
I. 
to 43 percent over its initial average base in the early 
thirties, but this did not lead to a proportionate expansion 
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in hog production. Annual production of hogs varies substan­
tially between regions and between years. Hog production in 
postwar years was more unstable than in prewar years. Season­
ality in production as measured by the ratio of the spring pig 
crop to the fall pig crop is declining rapidly. 
In the study of supply response in hog production we de-
V signed a nine equation model. Eight equations must be esti­
mated statistically, and one equation is an Identity in inven­
tory components. The model is fitted for the United States, 
six major regions and three subregions of the North Central 
States. Total liveweight production of hogs and the price of 
hogs are jointly dependent variables. All other variables are 
of a predetermined nature, i.e., either estimated outside the 
model or defined for a time period preceding the defined time 
period of the dependent variable in a particular equation. 
The following dependent variables v;ere estimated by ordinary 
least squares for the period 1931 to I960 in terms of actual 
annual observations: 1) all pigs on farms less than six 
months old, 2) all sows and gilts on farms more than six 
months old, 3) total number of spring farrowings, 4) total 
number of spring pigs saved, 5) total number of fall farrow­
ings, 6) total number of fall pigs saved, 7) total annual 
liveweight production of hogs. The foregoing system of equa­
tions is not completely recursive. In the statistical anal­
yses, the effect of the current price of hogs was statistically 
496 
highly significant, but the corresponding elasticity was quite 
small, so that for most predictions an estimate can be made 
for the expected current price of hogs. The critical rela­
tionship in the model relates to the estimation of the number 
of sows and gilts more than six months old at January 1. This 
relationship was estimated successfully. A number of differ­
ent regressions for each dependent variable were estimated. 
By taking different relationships for each dependent variable 
a number of models may be generated. A number of such models 
are of almost equal quality, so that no real basis for differ-
'entiation exists. In such cases simplicity of formulation may 
be taken as a guide rate in selecting the appropriate rela­
tionships for predictive purposes. For all dependent vari­
ables satisfactory levels of the coefficient of multiple 
determination were obtained. The reader may consult Table 73 
for a selection of the equations best suited for prediction 
and policy models. 
Table 68 presents a regional comparison of short run 
supply elasticities in the annual production of hogs. We 
observe that the price elasticity for the current annual 
weighted farm price of hogs is largest for the South Central 
States with -15^7 and smallest for the East North Central 
States with .0129. For the United States we find a price -
elasticity of .0443» The standard errors of the elasticity 
coefficients are small relative to the mean elasticity and 
Table 68. A regional comparison of short run supply elasticities in the 
number of fall farrowings 
North East North West North South South 
Atlantic Central Central Atlantic Central Western United 
States States States States States States States 
Current annual 
production of -.50)4 .1950 .^758 -.2623 .2688 .1220 .36II 
feed grains, (.1697)' (.0806) (.094-3) (.1346) (.0720) (.0803) (.1223) 
Lagged annual 
weighted hog- .5097 .0812 .1195 .0839 -.2254 -.080I .I758 
corn ratio, Xgl (.2050) (.0953) (.I65I) (.1594) (.1358) (.0233) (.7901) 
^Figures in parentheses are standard errors of elasticity. 
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statistically significant differences exist between regions. 
Such differences are not in any apparent manner related to 
regional economic characteristics such as the importance of 
hog production in that region, the competition of other live­
stock enterprises, the hog-corn ratio or the ratio of spring 
farrowings relative to fall farrowings. It is apparent, how­
ever, that the United States price elasticity does not apply 
to any region. For purposes of prediction we would therefore 
continue to recommend disaggregation of hog supply response 
on a regional basis. From Table 68 can be seen that the cur­
rent annual production of feed grains is a statistically sig­
nificant determinant of current hog production. The elas­
ticity coefficient for feed grain production is largest in the 
South Central States with .2785 and smallest in the North 
Atlantic States with -.1155* For the United States the elas­
ticity coefficient for feed grain production equals .2130. 
The standard errors of elasticity are small relative to the 
estimated mean, and statistically significant differences in 
response exist between regions with respect to current feed 
grain production. 
Table 69 relates to a regional comparison of short run 
supply elasticities in the number of fall farrowings. We ob­
serve that current feed grain production has a negative rela­
tionship with fall farrowings in regions that must import a 
major share of concentrates fed. The elasticity coefficient 
Table 69• A regional comparison of short run supply elasticities in the annual 
production of hogs 
North East North West North South ' South 
Atlantic Central Central Atlantic Central Western United 
States States States ^tates States States States 
Current annual 
weighted farm 
price of hogs, 
XlO 
.0872 _ 
(.0253)8 
.0129 
(.0125) 
.0985 
( .0197) 
.0297 
(.0174) 
.1547 
( .0260) 
.0910 
(.0516) 
.0443 
( .0143) 
Current annual 
production of 
feed grains, 
^16 
-.1155 
(.0533) 
.1635 
(.0296) 
.1908 
(.0349) 
.1054 
( .0417) 
.2785 
(.0655) 
.1162 
(.0634) 
.2130 
(.0316) 
^-Figures in parentheses are standard errors of elasticities. 
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for current feed grain production in the West North Central 
States equals .4758. for the East North Central States this 
elasticity equals .1950* For the United States we find an 
elasticity coefficient equalling .36II, indicating that cur­
rent feed grain production is an important determinant in all 
regions. The standard errors of elasticity are quite small, 
such that statistically significant differences in response 
exist between regions. The elasticities of the lagged annual 
weighted hog-corn ratio are generally smaller than the elas­
ticity coefficients for current feed grain production. Since 
feed grain production fluctuates somewhat more than the hog- • 
corn ratio it follows the feed grain production i s a more 
important determinant of fall farrowings than the hog-corn 
ratio. The price elasticity of the hog-corn ratio is quite 
small for the East North Central States and the West North 
Central States, and negative for the South Central States and 
Western States. The standard errors of elasticity are large 
relative to the mear elasticities. No statistically signifi­
cant differences between regions appear to exist. 
Table 70 presents a regional comparison of short run 
supply elasticities in the number of sows on hand at January 
1. We observe the lagged annual production of feed grains is 
an important determinant of this variable for all regions. 
The elasticity coefficient of the lagged annual production of 
Table 70. À regional comparison of short run supply elasticities in the 
number of sows on hand at January 1 
North East North West North South South 
Atlantic Central Central Atlantic Central Western -United 
States States States States States States States 
Lagged annual 
production of 
feed grains, 
%19 
.1733 a 
(.1894)* 
— — .4158 
( .1918) 
.5917 
(.0540) 
.3104 
(.1739) 
.3521 
(.1069) 
Lagged annual 
weighted hog-
corn ratio, 
^21 
.0265 
( .1746) 
.3957 
(.0805) 
.3251 
( .1211) 
.3701 
(.1683) 
.3640 
(.0735) 
.4090 
(.1730) 
.4171 
(.0799) 
^-Figures in parentheses are standard errors of elasticity. 
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feed grains is largest for the South Central States with .591? 
and smallest for the North Atlantic States with •1733. For 
the United States we observe àr elasticity coefficient equal­
ling .3521. The standard errors of elasticity are small and 
statistically significant differences exist between regions. 
This indicates that in estimating the number of sows on hand 
at January 1 regional disaggregation is to be recommended. 
The lagged annual hof-corn ratio is an important determinant 
of the number of sows on hand at January 1. The price elas­
ticity for the lagged hog-corn ratio is highest for the 
Western States with .4090 and smallest for the North Atlantic 
States with .0265. For the United States this price elas­
ticity equals .4171. The standard errors of elasticity are 
.small relative to the mean elasticities, but except for the 
North Atlantic States, no statistically significant differ­
ences exist between regions with respect to the lagged hog-
corn ratio. 
Cattle Production and Sales 
Annual production of beef in the United States expanded 
from 14.2 billion pounds liveweight in the early thirties to 
26.7 billion pounds in the late fifties. The regional reallo­
cation of production was small compared to the total expansion 
in production for each region. Statistical description of the 
beef cattle industry is difficult because we deal with a con­
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tinuous process and a very heterogeneous commodity. Hence, 
it was not possible to study the beef cattle industry in as 
much detail as may be necessary for short run forecasting pur­
poses. In this study we limited ourselves to aggregated pro­
duction and marketings of beef cattle and dairy cattle. The 
problem of variable delineation therefore consists in con­
structing an index for aggregate'output, by regions and corre­
spondingly defined prices. For this purpose we used regional 
prices received by farmers for all cattle sold. Such prices 
are automatically weighted with the appropriate regional out­
put mix of cattle. We estimated the number of dairy cattle 
and the number of beef cattle marketed, where both categories 
were separated into the number of breeding stock sold and the 
number of non-breeding stock sold. This yielded the number of 
marketings for four comprehensive categories of cattle, which 
by means of regression were successfully linked with production 
and marketings in pounds liveweight. This procedure allowed 
us to study simultaneously the influence of economic factors 
upon the composition of the cattle industry and current beef 
production. In this approach changes in cattle numbers were 
viewed to be instrumental in the evolution of the beef cycle, 
and production appears as a short run resultant of the deci­
sions made with respect to the accrual vs. diminution of 
cattle numbers. At the same time, changes in the average 
weight of the animal produced could be taken account of 
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through the inclusion of current product-factor price ratios. 
An important advantage of this approach is its implementation 
on a regional basis which was not possible by any other means. 
The basic data for this procedure were furnished by the Jan­
uary 1 cattle inventory which is available by states for the 
period 1925 to i960. The number of mature dairy breeding 
stock sold, by regions, was determined as the sum of the num­
ber of cows and heifers more than two years old and the number 
of heifers between one and two years old at January 1, year 
t, minus the number of heifers between one and two years old 
at January 1, year t + 1. The number of young dairy breeding 
stock sold, by region^, was determined as the difference be­
tween the number of heifer calves on farms, at January 1, 
year t, and the number of heifers between one and two years 
old at January 1, year t + 1. The number of beef breeding 
stock sold, by regions, was determined as the sum of beef cows 
more than two years old and beef heifers between one and two 
years old at January 1, year t, minus the number of beef cows 
more than two years old at January 1, year t + 1. The number 
of beef cattle sold that are not used for breeding purposes 
equalled the number of beef calves less than one year old, 
plus the number of steers and bulls more than one year old, 
by regions, at January 1, year t, minus the number of heifers 
between one and two years old, and the number of steers and 
bulls more than one year old at January 1, year t + 1. The 
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percentage share of young dairy breeding stock was of minor 
importance relative to the corresponding percentage for mature 
dairy breeding stock. Beef breeding stock sold relative to 
marketed beef cattle not used for breeding was quite substan­
tial. Accurate information on the composition of feed Inputs 
used in dairy production and beef production was not avail­
able. A very large proportion of feed inputs consisted of 
forage harvested by the animal itself. Substantial regional 
differences existed in the type of feed fed. Concentrates are 
an Important component in the ration of dairy cattle and fed 
cattle. For these reasons separate representative rations for 
dairy cattle and beef cattle were computed by regions in terms 
of a concentrate equivalent and a roughage equivalent. Corn 
was taken as representative of the price developments in con­
centrates and the price of hay was taken as representative of 
the historical development of the cost of forage. 
In the study of supply response in beef production we 
developed a four equation model. The model was fitted for the 
United States, six major regions and three subregions of the 
North Central States. , The following dependent variables were 1 
estimated by ordinary least squares for the period 1931 to 
i960 in terms of actual annual observations; 1) total annual 
beef production, 2) total annual beef marketings, 3) the esti­
mated number of dairy cattle sold, 4) the estimated number of 
beef breeding cattle sold, 5) the estimated number of non-beef 
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breeding cattle sold, 6) the total number of calves marketed. 
The independent variables included inventory components, un-
deflated price variables, product-factor price ratios, 
product-product price ratios, current and lagged variables 
indicating the availability of feed grains and forage and 
autonomous variables. 
Total production of beef was estimated quite successfully 
for all regions. However, some of the sold cattle categories 
could not be estimated without considerable error. It was not 
possible to obtain satisfactory recursive relationships which 
resulted in a joint interdependence of the variables in all 
relationships. The reader may consult Table 73 for a summary 
of the supply relationships best suited for prediction and 
policy models. Table 71 presents a regional comparison of 
short run price elasticities in beef production. The elas­
ticity of the current beef-feed ratio equals .2291 for the 
United States. We observe a much lower elasticity for both 
the East North Central States and West North Central States. 
However if we region the North Central States into subgroups 
A, B and C no statistically different elasticity exists with 
respect to the United States price elasticity of the current 
beef-feed ratio. This observation also applies to the remain­
ing four geographic regions included in this study. The price 
elasticity of the lagged beef-feed ratio is generally not 
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Table 11. A regional comparison of short run price elasticities in beef produc tion, 1931 to i960 
ïfiriable 
United 
States 
Korth 
Atlantic 
States 
East North 
Central 
States 
West North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States Subgroup A Subgroup B Subgroup C 
fte current beef-
feed 'ratio i-j (.oSïï)® (.0800) (.#%) .0308 (.07$8) .2li31 (.09li) .2671 .1908 (,oai2) ,263$ (,M%) .213I1 (.0793) .WW (.1013) 
The lagged beef- . 
feed ratio ïg 
.2# .0272 -.0159 
(,09$8) 
.3511 .31% 
LW#) 
.16W 
(.M%) 
M 
(,0826) 
.2103 
The lagged price ' 
for all cattle sold 
.113!i 
(#) 
.1013 
(4*7) 
# 
(.OjOlt) 
-.0101 
(,&%) 
.1229 
(.0I166) 
.1368 
(.0%) 
.0168 
(.Œ23) 
,1227 
(.0300) 
.li2l 
The lagged beef-
hog price ratio 
.OliO] 
(.0678] (.0236) 
.0911 
(.0698) 
.12]g 
(.0720)' 
.0100 
(.0798) 
.ow 
(.oiiSi) 
.0118 .081,6 
( # )  
-.0181 
(.071)3) 
Combined response 
effect of + Xjjg) - ,129$ .1500 ,]li$o ,11% .1331 .1102 .2317 
^Figures in parentheses are standard errors of elasticity. 
''N.A.-not available. 
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statistically different from the price elasticity of the cur­
rent beef-feed ratio for a particular region. However, 
statistically significant differences between regions with 
respect to this variable exist. The lag distribution would 
indicate that the current and lagged response effect of the 
beef^feed ratio tend to be of equal importance for most 
regions. 
The price elasticity for the lagged price all cattle sold 
is largest for subgroup C with .1421 and smallest for subgroup 
A with .0168. The price elasticity of this variable for the 
United States equals .0765» The standard errors of the elas­
ticities are quite small and statistically significant differ­
ences between regions exist. 
The price elasticity for the lagged beef-hog price ratio, 
is largest for the South Atlantic States with .1215 and small­
est for the South Central States with .0100. No statistically 
significant differences between regions exist with respect 
to the lagged beef-hog price ratio. If we combine the price 
response effects of the lagged price of all cattle sold and 
the lagged beef-hog price ratio then it is apparent that 
regional differences tend to become smaller. The combined 
response effect is largest for subgroup B with .231? and 
smallest for the South Atlantic States with .1127. For the 
United States this elasticity equals .12^5' It would appear 
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that no statistically significant differences exist between 
regions. Hence despite the extreme heterogeneity in resource 
availability and the type of cattle operation by regions we 
find substantially the same total price response effect for 
all regions included in this study. 
Dairy Production 
Annual milk production in the United States expanded from 
102.9 billion pounds in the early thirties to 12^.3 billion 
pounds in the late fifties. The reallocation in regional pro­
duction was in favor of the Atlantic States and East North 
Central States. Nevertheless, the reallocation of production 
was minor relative to the total expansion in milk production. 
The decrease in relative importance of dairy products was lost 
to an increasing importance of meat animals, yet the shifts 
have been comparatively small. Regional shifts in dairy pro­
duction have been greater in beef production but less than in 
poultry production. Dairy production, however, continues to 
have a wide geographical distribution. Dairying has become a 
specialized industry in the last thirty years. Since the mar­
keting of milk, particularly for fluid consumption, is regu­
lated, prices received for milk fluctuate less than the prices 
of other farm products. Since most family farms have no 
alternative use of their labor, the production from year to 
year tends to be stable, except for variations induced through 
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forage availability and cyclically changing prices for beef 
cattle. Accurate information used in the dairy enterprise was 
not available. A representative index of the cost of dairy 
production would give considerable weight to family labor and 
capital invested in real estate and animal inventory. Since 
most feed is homegrown the cost of feed must be indirectly 
evaluated through a complex of available resources such as 
labor and capital. For purposes of this study, which is 
essentially short run, we have included only the cost of feed. 
Substantial differences exist in the composition of the dairy 
ration on a regional basis and on a year to year basis. In 
this study we constructed a dairy ration cost, by regions, 
based on a fixed corn equivalent weight and a fixed forage 
equivalent weight. Since only harvested feeds are included 
the actual cost of the dairy ration is less than the computed 
cost. The milk-feed ratio was then constructed by dividing 
the price received by farmers for all milk sold by the cost 
of the representative dairy ration. This ratio is a sensitive 
economic indicator of the short run profitability conditions 
in the dairy industry. 
In the analysis of supply response in milk production we 
included as independent variables a number of undeflated 
prices, product-factor price ratios, product-product price 
ratios, variables indicating availability of feed grains and 
forages and autonomous variables. The regressions were esti­
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mated by ordinary least squares for the period, 1931 to I960 
In terms of actual observations. 
Annual milk production and production per cow were esti­
mated for the United States, six geographic regions and three 
subregions of the North Central States. In all cases satis-' 
factory coefficients of multiple determination were obtained 
particularly in relationships estimating production per cow. 
Estimation of the number of dairy cattle sold was less suc­
cessful, due to some extent to existing errors in published 
statistics. The reader may consult Table 73 for a summary of 
selected supply relationships best suited for prediction and 
policy models. Table 72 presents a regional comparison c^ f 
elasticities obtained in the analysis of the supply of annual 
milk production. 
The price elasticity of the current price of milk is 
largest for the South Central States with .2213 and smallest 
for the East North Central States with .0463. The correspond­
ing price elasticity for the United States is not available. 
The standard errors of elasticity are small relative to the 
mean elasticities. However no statistically significant dif­
ferences in response exist between regions, with the exception 
of the South Central States. It may be observed that the 
price elasticity of the current price of milk is small in all 
regions, but the South Central States. 
The price elasticity of the lagged price of milk is 
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Me 72i A regional comparison of elasticities obtained in the analysis of the supply of milk pro(luction„1531 to I56O 
îlorth 
Atlantic 
States 
East north 
Central 
States 
West North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
Western 
States • Subre^on A Subregion B 
1 
Subregion C 
The current price ,01)76 463 .,098) .0382 ,2% .0769 .01,83 .0501 -.1751) 
of milk B im) (.0?16) (.0512) (.1132) (.Q7$2). (.1016) (.0369) (.0%) (.1321)) 
the lagged price A .llW 0# .06?1) .0873 .11)70 .2060 
of milk B (.#) (#) (#) (.IOI16) (.068?) (.1006) (.0338) (.1%%) (.1296) 
The current milk- A 
' 
.QliîO .090 .0612 ,0$% .02% .2129 .0928 .1906 
beef price ratio B (#) (.%) (,#u) (,((31) U%%) (.(1)3$) (.&W) (.0870) 
The combined 
elasticity of the 
.21)06 .1)205 .2% price of irdlk A .3170 .Ig6l .3% .1/10 .332$ .2010 
mean elasticity. 
B: standard error of elasticity. 
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largest in the North Atlantic States with .2396 and smallest 
in the Western States with .0674. The corresponding price 
elasticity for the United States is not available. The 
standard errors of elasticity are small relative to the mean 
elasticities. • Statistically significant differences exist 
between regions with respect to the lagged price of milk. 
However, such differences are not in any apparent manner re­
lated to regional economic characteristics as the region's 
share in national production, the existence of competitive 
livestock enterprises, and the average production per cow. 
The price elasticity of the current rr.ilk-beef price ratio 
X45 is largest for the West North Central States with .0959 
and smallest for the Western States with .0286. The corre­
sponding price elasticity for the United States is not avail­
able. The standard errors of elasticities are not uniformly 
small. For the six major geographic regions no statistically 
significant differences in response exist. However, for both 
subgroup A and subgroup C we find elasticities which are rela­
tively large and significantly different from the correspond­
ing estimates of other regions. 
The combined elasticity of the price of milk in variables 
X^, and is largest for the South Central States with 
.4209 and smallest for the West North Central States with .I56I. 
1 
It is apparent therefore that 1) the total response effect of 
the price of milk is larger than it is commonly thought to be 
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and 2) that substantial differences in price responsiveness 
exist between regions. Such differences are not in any appar­
ent manner related to regional economic characteristics as 
the region's relative importance in production, the production 
per cow, the price received for all milk sold and the existence 
of competitive livestock enterprises. 
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Table 73' A smmary of selected supply relationships for livestock categories to be used for short run forecasting purposes and policy models, by regions^ 
United 
States 
North 
Atlantic 
States 1 
East North 
Central 
States 
West North 
Central 
States 
South 
Atlantic 
States 
South 
Central 
States 
festern 
States 
North Central Ségroups 
A B C 
Cattle Production and Sales 
Production of cattle and calves 56.1 6l.li 61.8 .. 62,3 62,11 .63.1)', 63.11) 61),1) 64.12 
Number of dairy cattle sold 71.1| 7U 7l).3 7I1.5 7l).7 7l).9l 7l).ll 
Mer of beef breeding cattle sold 57.1 66,2 66.1) 66.6 66.8 66.10 66,12 66.]]) 66,16 66.18 
Number of non-beef breeding cattle sold $7 it • 67.2 67.k 67.5 67.7 67.10 67.11 
Number of calves sold 58,2 66.1 66,3 '66.5 66,7 66,9 66.11 66.1j Wa5 
Dairy Production • 
Annual production of milk 70.1; 72.2 72.3 72,5 72.7 72.9 72.12 72.13 72.15 72.18 
Hog Production 
Annual production of hogs 37.7 1)3.1 1)3,2 1)3.3 1)3.1) ^3.5 1)3.6 , 43.7 kl,8 43J 
Sows and gilts more than six months 
. 47.16 47.18 old at January 1 ltl.6 1|7.2 1)7.5 1)7.7 1)7.9 1)7.11 1)7.13 1)7.11) 
All hogs more than six months old 
at January 1 iil.5 ii7.1 1)7.1) • 1)7.6 1)7.8 47.10 1)7.12 1)7.15 47.17 47.19 
All hogs less than six months old 
I16.I 1)6.2 1)6.5 1)6.11 46.13 46.16 at January 1 I1O.3 1)6.3 1)6.7 46.10 
Total spring farromngs 38.5 là.l lllt.l) lil).7 Wi.io Wi.13 lil).l6 44.19 44.22 44.25 
Total spring pigs saved 38.6 I1I1.3 1|1|.6 il).9 ltl).12 lil).l5 1)1).18 44.21 44.24 44.27 
Total fall farrotdngs 39.6 1)5.1 1)5.5 15.7 1)5.10 1)5.11) 1)5.16 45.19 W.# 
Total fall pigs saved 39.7 1)5.3 1)5.6 1)5.9 1)5.12 1)5,15 Ii5.l8 45.21 45.24 45.27 
Effi Production 
Annual production of eggs • 17.8 18.5 19,5 20.5 21.1)' 22.1 m 
Broiler Production 
Annual production of broilers 25.6 25.11 25.15 25J9 2&% 2&% 25.32 
Turkey Production 
Annual production of turkeys 28,9 2?.l 29.9 29.11) 29.13 .;$.2i) 29.29 
Equation A.B reads equation B in Table A in & preceding text of Ms study. 
517 
BIBLIOGHAPHY 
1. Aitken, A. C. On least squares and linear combinations 
of observations. Royal Soc. of Edinburgh Proceedings. 
55:42-48. 1935. 
2. Akerman, Gustav. The cobweb theorem: a reconsideration. 
Qu. J. of Economics. 71:151-159- 1957-
3- Alt, F. F. Distributed Lags. Econometrica. 10:113-128. 
1 9 4 2 .  
4. Anderson, T. W. and H. Rubin. Estimation of the para­
meters of a single equation in a complete system of 
stochastic equations. Ann. of ^ath. Stat. 40:46-63. 
1 9 4 9 .  
5. Barker, R. The response of milk production to price: a 
regional analysis. Unpublished Ph.D. thesis. Ames, 
Iowa, Library, Iowa State University of Science and 
Technology. I96O. 
6. Basmann, R. L. The computation of generalized classical 
estimates of coefficients in a structural equation. 
Econometrica. 27:72-81. 1959' 
7. Bentzel, H. and B. Hansen. Cn recursiveness and inter-
dependency in economic models. Rev. of Econ. Stu^. 
2 2 : 1 5 3 - 1 6 9 .  1 9 5 4 .  
8. Bentzel, R. and H. Wold. On statistical demand analysis 
from the viewroint of simultaneous equations. Skandi-
navisk Aktuarietidskrift. 29:95-117' 19^6. 
9. Brandow, G. E. Factors associated with the number of 
sows farrowing in the spring and fall seasons. Pa. Agr. 
Expt. Sta. Publication A. E. and R. S. 7. 195^* 
10. Breimyer, E. F. Emerging phenomenon: a cycle in hogs. 
J. of Farm Economics. 41:760-768. 1959-
11. Breimyer, H. F. Observations on the cattle cycle. Agri­
cultural Economics Research. 7:1-11. 1955* 
12. Carter, H. C. and H. 0. Hartley. A variance formula for 
marginal productivity estimates using the Cobb-Douglas 
function. Econometrica. 26:306-313' 1958. 
518 
13» Christensen, H. P. and R. L. Mighell. Competitive posi­
tion of chicken and egg production in the United States. 
U.S. Dept. Agr. Tech. Bui. 1018. 1950' 
14. Christensen, fi. P. and R. L. Mighell. Interregional com­
petition in the production of chickens and eggs. U.S. 
Dept. Agr. Tech. Bui. I03I. 1951» 
15. Coase, R. H. and R. F. Fowler. The pig cycle in Great 
Britain: an explanation. Economiba. 4:55-32. 1937• 
16. Cochrane, W. W. Conceptualizing the supply relation in 
Agriculture. J. Farm Econ. 37:1161-1176. 1955» 
17. Cochrane, W. W. Farm prices: myth and reality. Minne­
apolis, Minnesota, Univ. of Minnesota Press. 1958. 
18. Cromarty, W'. A. An econometric model for United States 
agriculture. American Statistical Association Journal. 
54:556-574. 1959-
19. Darcovich, W. and E. 0. Heady. Application of expecta­
tion models to livestock and crop prices and products. 
Iowa Agr. and Home Ec. Expt. Sta. fies. Bui. 438. 1956* 
20. Dean, G .  w .  and i .  C .  Heady. Changes in supply response 
and elasticity for hogs. J. Farm icon. 40:845-861. 
1 9 5 8 .  
21. Devletoglou, E. A. Correct public prediction and the 
stability of eouilibrium. J. Pol. icon. 69:l42-l6l. 
1961. 
22. Doll, J. P . ,  Ï .  H .  Jsoe and R .  D. Munson. Computation of 
variance estimates for marginal Physical products and 
marginal rates of substitution. J. Farm aeon. 42:596-
6 0 7 .  i 9 6 0 .  
23. Duchanan, N. S. A reconsideration of the cobweb theorem. 
J. of Political Economy. 47:68-69. 1939» 
24. Durbin, J. and G. S. Watson. Testing for serial correla­
tion in least squares regression. Biometrika. 37: 
409-228. 1920 ; 38:159-177. 1951. 
25. Ezekiel, J. The cobweb theorem. Qu. J. of Econ. 52: 
2 5 5 - 2 8 0 .  1 9 3 8 .  
519 
26. Paris, J. S. and W. W. McPherson. Application of linear 
programming in analysis of economic changes in farming. 
Rev. Econ. and Stat. 39:421-434. 1957• 
27. Pieller, E. C. The distribution of the index in a normal 
bivariate population. Biometrika. 24:428-440. 1932. 
28. Fisher, P. M. Generalization of the rank and order con­
ditions for identiflability. ficonometrica. 27:431-447. 
1 9 5 9 .  
29. Fisher, M. H. A sector model of the poultry industry of 
the United States. Êconometrica. 26:37-66. , I958. 
30. Fisher, T. A note on a short-cut method for calculating 
distributed lags. Bulletin de 1*Institute de Statis­
tique. 29:323-328. 1937. 
31. Poote, fî. J. Analytical tools for studying demand and 
price structures. U.S. Dept. Agr. Handbook l46. 1953* 
32. Poote, fi. J. and P. V. Waugh. Results of an experiment 
to test the forecasting merits of least squares and 
limited information equations. Washington, D.G., U.S. 
Dept. Agr. 1957' 
33" Friedman, M. A theory of the consumption function. 
New York, N.Y., National Bureau of Economic Research. 
1 9 5 7 .  
34. Puller, W. A. and G. W. Ladd. A dynamic quarterly model 
of the beef and pork economy. J. Farm Econ. 43:797-812. 
1961. 
35' Fuller, W. A. and J. E. Martin. The effects of autocor-
related errors on the statistical estimation of dis­
tributed lag models. J. Farm Econ. 43:71-82. I96I. 
36. Gerra, M. J. The deBiand, supply, and price structure 
for eggs. U.S. Dept. Agr. Tech. Bui. 1204. 1959* 
37- Graybill, P. A. An introduction to linear statistical 
models. Vol. 1. New York, N.Y., McGraw-Hill Book Co. 
1961. 
38. Griliches, Zvi. A note on seriWl correlation bias in 
estimates of distributed lascs. Econometrica. 29:65-74. 
1 9 6 1 .  '  \  
520 
39» Griliches, Zvi. Specification bias in estimates of pro­
duction functions. J. Farm Scon. 39:3-20. 195?. 
40. Halvorson, H. W. The response of milk production to 
price. J. Farm Econ. 40:1101-1114. 19^8. 
41. Halvorson, H. W. The supply elasticity for milk in the 
short run. J. Farm Econ. 37:1186-119?; 1955* 
42. Harlow, A. Factors affecting the price and supply of 
hogs. U.S. Dept. Agr. Tech. Bui. 1274. I963. 
43. Hayami, Y. Poultry supply functions. Unpublished Ph.D. 
thesis. Ames, Iowa, Library, Iowa State University of 
Science and Technology. 1966. 
44. Heady, E. 0. Uses and concepts in supply analysis. In 
E. C. Heady, C. B. Baker, H. G. Dieslin, E. Kehrberg, 
S. Staniforth, eds. Agricultural supply functions. 
Dp. 3~25- Ames, Iowa, Iowa State University Press. 
1961. 
45. Hildreth, C. Simultaneous equations: any verdict yet. 
Econometrica. 28:846-354. I962. 
46. Hood, W. C. and T. C. Koopmans. Studies in econometric 
method. Cowles Commission Monograph l4. New York, N.Y., 
John Wiley and Sons, Inc. 1952. 
47. Jennings, H. D. Consumption of feed by livestock, I909-
1956. U.S. Dept. Agr. Production Report 21. 1958. 
48. Jennings, H. D. Feed consumed by livestock,.supply and 
disposition of feeds, 1949-1950, by states. U.S. Dept. 
Agr. Stat. Bui. 145. 1954. 
49. Jennings, H. D. Relative use of feeds for livestock, 
including pasture, by states. U.S. Dept. Agr. Stat. 
Bui. 153. 1955. 
50\ Johnson, D. G. The supply function for agricultural 
products. Am. Econ. Rev. 40:539-564. 1950. 
51. Judge, G. G. Econometric analysis of the demand and 
supply relationships for eggs. Connecticut (Storrs) 
Agr. Expt. Sta. Bui. 307» 1954. 
52. Kemp, M. C. Economic forecasting when the subject of the 
forecast is influenced by the forecast. Am. Econ. Rev. 
5 2 : 4 9 2 - 4 9 5 .  1 9 6 2 .  
521 
53» Klein, L. R. The estimation of distributed lags. 
Econometrlca. 26:^53-5^5' 1958. 
54. Klein, L. B. Single equation versus equation system 
methods of estimation in economics. Econometrlca. 28: \ 
866-877. 1962. 
55* Kohls, t i .  G. and D. Paarlberg.. The short time response 
of agricultural production to price and other factors. 
Indiana Agr. Expt. Sta. Bui. 555 '  1950. 
56. Konyn, H. S, Identification and estimation in a simul­
taneous equations model with error in the variables. 
Econometrlca. 30:79-87* 1962. 
57" Koyck, L. M. Distributed lags and Investment analysis. 
Amsterdam, the Netherlands, North Holland Publishing Co. 
1 9 5 7 .  
58. Ladd, G.W/. Effects of shocks and errors in estimation: 
an empirical comparison. J. Farm Scon. 38:485-495» 
1 9 5 6 .  
59' Ladd, G. W. Farm income and the supply of agricultural 
products. J. Farm Econ. 39:865-880. 1957* 
60. Ladd, G. W. and G. E. Winter. Supply of dairy products 
by Iowa farmers. J. Farm Econ. 43:113-122. I96I. 
61. Lorie, J. H. Causes of annual fluctuations in the pro­
duction of livestock and livestock products. The Univ. 
of Chicago Studies in Business Administration. 17, No. 
1:1-50. 1947. 
62. Maki,. W. R. Decomposition of the beef and pork cycles. 
J. Farm Econ. 44:731-7^4* 1962. 
63 * Maki, W. H. Forecasting livestock supplies and prices 
with an econometric model. J. Farm Econ. 45:612-625* 
1 9 6 3 .  
64. Mallnvaud., E. The estimation of distributed lags; a 
comment. Econometrlca. 29:430-434. I96I. 
65* Marschak, J. and W. H. Andrews, Jr. Random simultaneous 
equations and. the theory of production. Econometrlca. 
1 2 : 1 4 3 - 2 0 5 .  1 9 4 4 .  
\ 
522 
"66. Mauldon, fi. G. An econometric analysis of the supply 
of livestock products and demand for feed grains. Unpub­
lished Ph.D. thesis. Ames, Iowa, Library, Iowa State 
University of Science and Technology. I962. 
67. Nagar, A. L. Statistical estimation of simultaneous 
economic relationships. Unpublished Ph.D. thesis. 
Rotterdam, the Netherlands, Library, Netherlands School 
of Economics. 1959-
68. Nerlove, M. Adaptative expectations and cobweb phenom­
ena. Qu. J. of Econ. 72:227-2^0. 1958. 
69» Nerlove, M. Distributed lags and estimation of long run 
supply and demand elasticities: theoretical considera­
tions. J. Farm Econ. 40:^01-311. 1958. 
70. Nerlove, M. and W. Addison. > Statistical estimation of 
Ion# run elasticities of supply and demand. J. Farm • 
Econ. 40:868-879. 1958. 
71. Schultz, T. W. and 0. H. Brownlee. Two trials to deter­
mine expectation models of farmers. Qu. J. of Econ. 
56:487-496. 1941. 
72. Simon, E. A. Causal ordering and identifiability. In 
Hood, W. C. and T. C. Kocpmans, eds. Studies in econo­
metric . method . pp. 49-74, New York, N.Y., John Wiley 
and Sons, Inc. 1953» 
73» Strotz, E. H. and H. 0. Wold. Recursive versus non-
recursive systems: an attempt at synthesis. Econo-
metrica. 28:417-463. i960. 
74. Suits, D. B. Forecasting and analysis with an econo­
metric model. Am. Econ. Rev. 52:104-132. I962. 
75' Ta-Chung, Liu. Underidentification, structural estima­
tion and forecasting. Econometrica. 28:855-865. I962. 
76. Theil, H. The aggregation implications of identifiable 
structural macro relations. Econometrica. 27:14-29» 
1 9 5 9 .  
77. Theil, H. Economic forecasts and policy. Amsterdam, the 
Netherlands, North Holland Publishing Co. 1958. 
78. Theil, H. Linear aggregation of economic relations. 
. Amsterdam, the Netherlands, North Holland Publishing Co. 
1 9 5 4 .  
\ 
523 
79* Thell, H. and Goldberger, A. S. On pure and mixed 
statistical estimation in economics. Int. Econ. Rev. 
2:65-78. 1961. 
80. Tinbergen, J. Economic policy: principles and design. 
Amsterdam, the Netherlands, North Holland Publishing 
Co. 1958. 
81. Tinbergen, J. On the theory of economic policy. Amster­
dam, the Netherlands, North Holland Publishing Go. 195^-
82. Tinbergen, J. and H. Bos. Mathematical models of eco­
nomic growth. New York, McGraw-Hill Book Co., Inc. 
1 9 6 2 .  
83* U. S. Dept. of Agriculture. Agricultural Statistics. 
1 9 3 0 - 1 9 6 2 .  
84. U. 3. Dept. of Agriculture. Consumption of food in the 
United States 1909-195^. U. S. Dept. Agr. Handbook 62. 
1 9 5 6 .  
85- U. 8Dept. of Agriculture. Agricultural Marketing 
Service. Chickens and eggs: farm production, disposi­
tion, cash receipts, gross income, 1950-195^' U. 3. 
Dept. Agr. Stat. Bui. I83. 1956. 
86. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Chickens and eggs: monthly egg production, 
young chickens and layers on farms, and rate of lay, 
1950-1955. U. S. Dept. Agr. Stat. Bui. 174. 1956. 
87' U. s. Dept. of Agriculture. Agricultural Marketing 
Service. Crops and Markets. 1930-1957* 
88. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Grain and feed statistics through 195^. U. S. 
Dept. Agr. Stat. Bui. 159. 1955» 
89. U. 3. Dept. of Agriculture. Agricultural Marketing 
Service. Hay, by states, 1866-1953* U. S. Deut. Agr. 
Stat. Bui. 229* 1958* 
90. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Livestock and meat statistics. U. S. Dept. 
Agr. Stat. Bui. 23O. 1958* U. S. Dept. Agr. Stat. Bui. 
230 Supplement for 1958, 1959 and i960. 
1 
524 
I 
91. U. s. Dept. of Agriculture. Agricultural'Marketing 
Service. Livestock on farms and ranches on January 1, 
1920-1939. U. S. Dept. Agr. Stat. Bui.88. I95O. 
92. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Livestock on farms January 1. U. S. Dept. 
Agr. Stat. Bui. 1??. 1956. ' \ 
93. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Poultry and egg statistics through i960. 
U. S. Dept. Agr. Stat. Bui. 305• I962. 
94. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Prices received by farmers, 1908-1955» U. S. 
Dept. Agr. Stat. Bui. I80. 1956. 
95. U. S. Dept. of Agriculture. Agricultural Marketing 
Service. Turkeys: farm production, disposition, cash 
receipts, gross income; revised estimates, 1950-1954. 
U. S. Dept. Agr. Stat. Bui. 182. 1956. 
96. U. S. Dept. of Agriculture. Bureau of Agricultural 
Economics. Chickens and eggs: monthly egg production, 
young chickens and layers on farms, and rate of lay, 
1945-1950. Washington, D. C., U. 8. Dept..Agr. 1952. 
97* U. S. Dept. of Agriculture. Bureau of Agricultural Eco­
nomics. Chickens and eggs: monthly egg production, 
young chickens and layers on farms and rate of lay, 
• 1925-1944. U. S. Dept. Agr. Stat. Bui. 125. 1953-
98. U. S. Dept. of Agriculture. Bureua of Agricultural Eco­
nomics. Farm production, disposition, and income from 
chickens and eggs, 1909-1944. U. S. Dept. Agr. Stat. 
Bui. 133. 1953' 
1 
99. U. S. Dept. of Agriculture. Bureau of Agricultural Eco­
nomics. Farm production, disposition and income from 
turkeys, 1929-1944. Washington, D. C., U. S. Dept. Agr. 
1 9 5 3 .  
100. U. s. Dept. of Agriculture. Bureau of Agricultural Eco­
nomics. Poultry and Egg Situation. October 1946. 
101. U. S. Dept. of Agriculture. Bureau of Agricultural Eco­
nomics. Poultry and eggs: commercial hatchery produc­
tion, 1930-1949. Washington, D. C., U. S. Dent. Agr. 
1 9 5 3 .  
I 
525 
102. U. S. Dept. of Agriculture. Crop Reporting Board. 
Chickens and eggs: farm production, disposition, cash 
receipts, gross income, 1955-1959- U. S. Dept. Agr. 
Stat. Bui. 287. 1961. 
103. U. S. Dept. of Agriculture. Crop Reporting Board. 
Chickens and eggs: monthly production, layers on farms, 
pullets not of laying age and rate of lay, 1955-1959» 
U. S. Dept. Agr. Stat. Bui. 283. I96I. 
104. U. S. Dept. of Agriculture. Economic Research Service. 
Dairy statistics through i960. U. 8. Dent. Agr. Stat. 
Bui. 303. 1962. 
105. U. S. Dept. of Agriculture. Crop Reporting Board. 
Field and seed crops, by states, revised estimates. 
U. S,. Dept. Agr. Stat. Bui. 311* 19^2. 
106. U. S. Dept. of Agriculture. Crop Reporting Board. 
Turkeys: farm production, disposition, cash receipts, 
gross income, 1955-1959* U. S. Dert. Agr. Stat. Bui. 
286. 1961. 
107. Wagner, H. T. A Monte Carlo study of estimates of 
simultaneous linear structural equations. Econometrica 
26:117-133. 1958.• 
1 
108. Wallace, T. D. and G. G. Judge. Econometric analysis 
of the "beef and pork sectors of the economy. Okla. Agr. 
Expt. Sta. Tech. Bui. 75 « 1958. 
109' V/augh, F. The place of least squares in econometrics: 
further comment. Econometrica. 30^568-569» 19^2. 
110. Wold, K. Dynamic systems of the recursive type; eco­
nomic and statistical aspects. Sankhya. 11:205-216. 
1 9 5 1 .  
111. Working, E. J. Demand studies during times of rapid 
economic changes. Econometrica. 2:05-77• 193^' 
112. Zellner, A. arid H. Theil. Three-stage least squares: 
simultaneous estimation cf simultaneous relations. 
Econoraetrica. 30:5^-78. I962. 
526 
APPENDIX A 
\ In this study we have used six major geographic regions 
which included the following states; 
North Atlantic States 
Maine 
New Hampshire 
Vermont 
Massachusetts 
Rhode Island 
Connecticut 
New York 
New Jersey 
Pennsylvania 
West North Central States 
Minnesota 
Iowa 
Missouri 
North Dakota 
South Dakota 
Nebraska 
Kansas 
East North Central States 
Ohio 
Indiana 
Illinois 
Michigan 
Wisconsin 
South Central States 
Kentucky 
Tennessee 
Alabama 
Mississippi 
Arkansas 
Louisiana 
Oklahoma 
Texas 
South Atlantic States 
Delaware 
Maryland 
Virginia 
West Virginia 
North Carolina 
South Carolina 
Georgia 
Florida 
Western States 
Montana 
Idaho 
Wyoming 
Colorado 
New Mexico 
Arizona 
Utah 
Nevada 
Washington 
Oregon 
California 
The North Central States were subdivided into three subgroups: 
Subgroup A 
Ohio ' 
Indiana 
Illinois 
Iowa 
Missouri 
Subgroup B 
Michigan 
Wisconsin 
Minnesota 
Subgroup C 
North Dakota 
South Dakota 
Nebraska 
Kansas 
